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Christoph Beringer
ABSTRACT

The purpose of the analysis was to modify presently used methods of
productivity estimation so that they can be 2pplied to the analysis of in-
dividual enterprises on multiple enterprise farms. Three multi-equational
approaches were suggested as nossible ways of solving the problem, These
three approaches consisted of (1) a system of couaticns fitted by the method
of simultaneous equations, (2) a system of equations, cne equaticn for each
major enterprise fitted independently to enterprise input-output data and
(3) a system of equations each equaticn fitted independently to data from
specializing farms where the results of these estimates are applied on
multiple enterprise farms,

Methods of grouping products into output categories and productive
factors into inmut categories were considered. The conclusion was reached
that generally products which are produced jointly can be grouped into one
output category while products competin« for resources should be analyzed
separately,

Regarding the fitting of enterprise {wnctions, it was concluded that
fitting of one function to vertically integrated enterprises such 2s crops
and hogs or crops and dairy is insufficient if it is desired to compare the

productivity of various factors between crops and the livestoc enterprises.

Consequently, three separate functions were fitted, onc to dairy, one to

hog 2nd one to crop-enterprise input-output data.



Christoph Beringer

Regarding the grouping of inputs into input categories, it was concluded
that an input classification which keeps intercorrelation among the inde-
pendent variables and the errors of the regression coefficients at the low-
est possible level is most desirable, This can be accomplished by choosing
the sample purposively, thus, increasing the variance of the observations and
by recombining input categories which are highly correlated. Furthermore,
it is necessary to distinguish clearly in the accounts between investments
and expenses as well as productive and nonproductive inputs,

In order to test the proposed methodologies independent enterprise
functions and cne aggregate function were fitted to detailed enterprise input-
output data from 27 dairy-hog farms in northwestern Illinois, The Tllinois
records contained more detailed information than similar records kept at
other experiment stations contacted in connection with this study.

A statistical analysis of the resulting cnterprise functicn was carried
out by testing the MVP of each production factor in each function against a
minimum or reservation IiVP which should have been earned by these factors in
northern Illinois in 1950, Comparisons of the geometric mecan organizations
with these minimum [VP's revealed no serious maladjustments on the farms studied
while a comparison of individual farms whose organization deviated from that

on the geometric mean showed very serious madadjustments,

5

The productivity estimates carried out indicated that on the average

farm in the sample the returns to labor in hogs are significantly below the

L

price which has to be paid for labor indicating that less of this factor

should be applied in hoss,.



Caristonh RBerirger

Regarding the productivity of feed, it was concluded that when

compared at the geometric mean the returns in bo

livestock enterorises
are just equal to the cost of feed.

The returns to land are hirh indicatin

et a moscible exvansion of

the operstions on these farms mi~ht be profitable,

A statistical cormarisen of the individnal enternrise functions with
the agrregate function indicated that the method of fitting individual enter-

prise functions furni

more reli.

¢ individual

enterprises than does *he method of fi

et

ings one assresate f to deta

from the entire farm
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CHAPTER I
INTRODUCTION

A brief reflection on the 2,000 year history of western civilization
reveals that specialization has been recognized as the basic principle for
achieving greater technical and intellectual skill and thus greater economic
wealth for the individual as well as for the society as a whole,

Advocation of this principle has, however, not been equally strong at
all times, Plato1 was its most emphatic promoter in Greece of LOO B.C.
making the principle of specialization the foundation on which he constructed
his "Ideal State", While the Greek Empire fell, its intellectual and cul-
tural heritage went into a hibernation lasting for over 1,000 years, The
Renaissance ending the "dark" middle ages reawakened greek ideals of which
the idea of specialization was at least an important part. flen like Adam
Smith, David Ricardo and John Stuart #ill later extended the concept which had
at the time of Plato referred only to the life within cne city or a city state
such as Athens, to cover various nations and even continents, Developments
in the physical sciences through the discovery of physical laws also permit-
ted the principle of specializaticn to become increasingly operative and

effective,

1 Plato, The Republic, Jowett Translation, New York: The Modern Library,

pe 60 ff,
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Thus, it is not entirely unjustified to look upon the Renaissance and
ancient Greece as the intellectual father and grandfather of the present
age of specialization with its rapid scientific and economic development,

While specialization is a powerful tool of achieving increasing wealth,
it is not omnipotent. Even in economies as highly developed and specialized
as those of the United States and Canada a number of industries,which are
usually regarded as highly specialized, operate most efficiently when several
products are produced in the same firm, Thus, shoe factories produce shces
of various sizes, colors and styles, automobile factories maintain a series
of lines producing different models of cars of differing colors, shapes and
sizes with the goal of using fixed resources in a way that the greatest total
profit is achieved,

In agriculture, where considerable seasonal variation is present and
where land, labor and/or other factors may be fixed, a greater total profit
is often achieved if several enterprises are combined to permit full util-
ization of these fixed factors., In general, even in the most specialized
economies, diversification will be present almost always although not to
the same extent as and often for difterent reasons than in the economies which
are less highly developed than those of iorth America and Northern Zurope,

When enterprise combination is profitable, the economists major concern
is to find in each particular case an enterprise combination which will max-
imize profit for each given quantity of resources,

This thesis deals with the problem of enterprise combination in agricul-

ture, Its particular aim is to find a method with which it is possible to



(a) determine whether a farm should specialize in the production of one pro-
duct or combine several enterprises and (b) determine the kind of enterprises
which should be combined and the relative size in which they should be combin-
ed,

It is believed that this distinction is in line with the thinking of
farm managers who are not only concerned about allocation of resources with-
in one enterprise but also with the allocation of resources between enter-
prises, In fact, one can frequently observe that farmers are more concerned
about inter- than intra- enterprise resource allocation which means essen-
tially that their decisions are influenced more by output prices than by in-
put prices, One possible explanation for this behavior,vhich is here mere=-
1y suggested as an hypothesis, is that to the farm manager input prices vary
on the average less widely than product prices,

This shall not imply that factor adjustments within one enterprise are
unimportant or unnecessary; it merely means that the required adjustments
due to factor price changes might on the average be considerably less signi-
ficant than the changes required due to product price variations,

Past empirical workers estimating marginal productivities have concerned
themselves almost exclusively with finding methods with which they could deter-
mine the best allocation of resources within one enterprise and have neglec-

ted to broaden their analyses to study inter-enterprise resource allocation,

éc\

The lack of empirical work in this area sugzests the need to extend

LTI

marginal productivity analysis to the problem of enterprise combination on

miltiple enterprise farms,



The following plan has been adopted to guide this investigation:

In Chapter II the static theory of production economics which furnishes
the conceptual guide for the study will be explained. The relevant princi=-
ples are presented in graphical as well as in mathematical terms, the latter
permitting a generalization of the argument from one to several input vari-
ables used in one or several different enterprises,

The empirical part of the dissertation will be concerned mostly with an
application of the theory of production economics to empirical estimation,

Chapter III contains a review of pioneer research studies dealing with
the estimation of marginal productivities of inputs and investments in agri-
culture,

In Chapter IV, possible methods of estimating marginal value productiv=

ities on multiple enterprise farms and the conditions under which these methods

are applicable are discussed,

In Chapter V and VI, the suggested methodologies are applied to actual
farm enterprise data taken from the Illinois detailed Cost Account Records,
With the help of the resulting estimates, a critical evaluation of the sug-

gested methodologies is possible,

4
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CHAPTER II

AN EX:-OSITION OF THiC THEORY SERVING AS TH' CONCEFTUAL

FRAMEWORK FOR THE EMPIRICAL INVESTIGATION

The present chapter will be concerned with the conceptual bases upon
which the empirical analysis rests., The chapter is divided into two sections,
one dealing with the relevant aspects of static general equilibrium theory,
the other discussing the function used to obtain the empirical estimates and
its mathematical characteristics, A discussion of sampling, combining of
inputs into categories and coibining of outputs into categories is reserved

for Chapter IV,

A, The Relevant Aspects of Static Ceneral Equilibrium Theory

The theory guiding the empirical part of this study is the general equil-
ibrium theory as developed by Walras,® Marshall,® Hicks3 et. al., This theory
is deduced from the laws of diminishing marginal returns and diminishing mar-
ginal utilities,

The static theory of production economics which is an essential part of
general equilibrium theory deduces from the law of diminishing returns under
a set of static assumptions the conditions which have to be met if a firm wishes

to maximize profits, Since the empirical estimation of production functions

1 Walras, Leon, Elements of Pure Fconomics; or, The Theory of Social Vealth,
Translated by William Jafte, London; Allen and Brown, 195,

2 Marshall, Alfred, Principles of Economics, New York: The MacMillan Company,
Eighth Edition, 1949,

3

Hicks, John R., Value and Capital, Oxfcrd: The Claredon Press, Second Edition
1946,




in succeeding chapters will be undertalzen to establish whether a group of
farm firms would meet these maximum nrofit conditions, it is necessary to
discuss briefly the origin and nature of these conditions, Tirst, the
simple case of the firm with only one enterprise irill be discussed. Then
the case for the firm producing several outputs withaseries of innuts

will be considered,

1, The Theory Regarding Optimum Adjustment of Production
Factors within One Tnterprise
From the law of diminishing returns, it follows that prefit in any
enterprise Yﬁ can be increased as l-ng as the marginal value product (I'CVP)ll
of any factor X;, ceteris paribus, is not equal to the cost of this marginal
unit (MFC).5 The proof for this vnroposition is obtained from the simnlest

form of the profit equation:

n
(2.1) | =p, v, - 2P X,
l Yi 1 o:] uj J
which differentiated with respect to (j viclds
pA}
(2.2) = = MPP,. . P, - Py .
Dxb _‘.j(f]> —7 _-j

Setting ( 2.2 ) eaual to ~cro and asswning perfect commetition

(2.3) MVP,, = MFC.,,  vhere j = l,....,n

Aj AJ

the profit maximiz’ng condition for the firm producing one product using one

-y
A

Marginal value product is defined as the value of the marginal nroduct

&L o A
plus or minus the chance in the value of the original total product which
was caused by the marzinal output,

Marginal factor cost is defined as the value of the marginal factor
applied, plus or minus chanzes ‘n thc value of the original total ocuantity
of the input used which resulted from the anrlisation of the last unit,



variable factor given one or several fived factors is obtained,

2. The Theory Regarding Cptimum Adjustment of

Production T'actors Eetween Zntervrises
The static theory cf enterprise combination can be exnlained both in
graphical and in mathematical terms, Since this theorv is used directly in
the stﬁdy, it will be erplained first diacranmatically where it is limited
to the analysis of two enterprises and then mathematically in the form of a
generalized ecuation showing the optimum adjustment for any number of inputs
in any number cf enternrises,

a. The theory of enterprise combination in sraphic terms., Two enter-

prises are assumed, each one using a set of factors Xi,....,Kn, fixed for

the farm as a whole but variable between enterrnrises, The return obtained

for these factors in both enterprises ic smaller than the replacement cost

Fal

these factors and larger than their salvace value; for these factors the

1ti lacer I =
condition PX-,....,Xn (Replacement) 7 Ai"""dn(Yl)
TP seeeastn(Tp) 7 Frgiii,iy (Salvage) holds,

Another set of factors in + 3,,,..,4g are fixed in enterprise ¥y,

For these factors the condition PXn ‘1 q (Replacement) )
~ ’o-oo,A\

MVP, « P - Salva~e) holds
Jcn + 1,..-.,J{q(Yl) ) Xn + 1"""‘{q ’ - ) ¢
. , - . . . A
Analagously there is a set of factors Ro Y20ty which are fixed in e
! )
f
enterprise Y2. For these factors the condition D-, -r (Peplacement) ) ol

“0 + 1,00.-,ol-n

MVPy (Salvage) holdse

) P,
q + l,oooo,-'{z(YZ) > ‘{q + l,oooo,Xz






ar

Finally there are variable inputs X,,....,X, which are neither fixed

in one enterprise nor fixed for the farm as a whole., Tor them either the

condition P, v (Replacement)  IVP- -~ 3 or the condition
Aa"...,-"\.h Aa’oo'c,._n
v ~r a -- ds,.
P}‘a" .. "Ah (Salv ge) ) .L a’ oo ’A{} holds

The two hypothetical nroduction fuctions shown in Figure 1 end Tigure 2
refer to enterprises Yy and Y, respectivel.. If Xlj,....,X,, the croun of
factors assumed fixed for the farm as a whole but variable between enter-
prises, is varied along with factors X,,....,%, between the enterprises Y,
and Y,, the surface of transformation crrves shovm in Firure 3 results,

A complication is introduces by +he fact that the factors Ki,....,Kn
are priced in terms of their oppcrtunity costs since thev are fixed on the
farm while the iﬁputs XgyeeeesXy, are priced at

~arret value, Thus, the

condition specifying the best cormbination of enterpriseffor a given output is

MUP-, VP, = g MU
Aa,...,Ah(Vl) _ I‘tna,.-.o,_\.h(y_')_) = eree= \1’.."’“1'1(1—1)
PR peensXy TP & isoennsXy

I\NPXi,oooo,Xn(Yz) - -

cannot hold since Lygesesyd, are priced in the vroduct-

l‘Xi)"u.,Xn
N ~ . . . .. "I /\:1,'..’ ﬂ(fl I'IVPV-:L”."“ (Y )
ion of Yl at their MVP in f? maxing —

S ST & FiipeneesX

= 1 while the correspondincs ratios for X ,....,%,, do not have to equal one.
Consequentl:, there are “wo equations which have to hold if the

firm is in equilibrium ascuming the iso cost line or oprortunities line in

a product-product dirension is snecified., ‘These equations are

MVPV ~r e < MV P Ve r INP-- ~r
(2.4) Taty) L,(¥o) = eees = “h(ll) 4, (L) .
P‘ / 'Y N i)'x- = P- =
Ka Ta “h Kh

a constant and



(2.5) P
VUP, (v WO -
xi(lz) _;n(_-L?_)

The whole surface of iso cost curves, shown in Fi~ure 2, shifis with

each change in the relative nrices of ¥,,....,75. Thus, ezch additional

A

iso cost curve drowm in Ticure 3 refers onlr to one particular level of £ =

P, hid e o
= -1{ .’La,'ooo,l':\r‘ 4-})0
“a -n o

e
i

The iso revenue lire wrich is tanrent to the iso coct line in Ticuvre

I

shous the relative prices of Yl énd Y2 and connects the various possible
combinations of Yq and Y2 vielding eoval reverves., The iso revenue lines
increase frorm the orisin in the same way as the iso cost lines, The point
at which an iso cost line is tangent to an iso revenue line represents that
combination of Yy and ¥, which will ~ield the greatest revenue and profit

f

given a certain level of £ and a certain sef of relative nrices among the

Xgseosesdpe Tn Tigure b, an amount A of ¥, combined with an amount R of

1
6

Y5 represents the high profit corbination.
6 1n Figure li an- chence (- AYq) in Ty imst be equal to -(TPF(,. vy
1 (e yeenay
n

A ,)) and any chance (AT,} in 7, must be caual to

V. N
Ayjgeeee g

TP ( . . o
(ep (A (- v )). At the roint of tancency netireen

_;_3,‘.0-,—"-

(Xi, LN Y ,Kn) (Y2)

n
the iso cost and the iso revenue line their slopes are apsroxirately equal
(-AYl /4 YZ)‘ The ecuzhion »i the iso revemme linc is R = D v + Py v

T 11 22
which, if solved for 7, . I _ 22 and diflerentiated mith respect
- Yo P
1 1
dyy 7o _ A .
to Y2, B nroduces the slone of thc “so-revonue line, JSovatiag
d¥s i

ssions the slone of the ifco revene line ond the iso cost 1iv
the expressions for the slone the “co rev line he iso cost line

(1)
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XaseeesFniXeseeesXnEne1see Lo Xasseesdpgky, nu%!xq.,p sessXy
Pige 1 Hypothetical Produc= Fige 2 Hypothetical Produc=

tion Function for Enterprise tion Function for Enterprise
b4} 1
h

L £2% 3 Z); £6%6

T

Fig, 3 Hypothetical Surface of

Iso Cost Lines for Various Lew
vel of x”c.u;uxm
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l
A - ...._‘..w.............—......«....u.!l.'én...... :

A12

B Y
Fige 4 Graphic Determination of the2

Optimum Combination of Yy and Yp 7

—

7

(cont,)
TP gee X)) (g0 yXn) | Prp
MPP(Xi,....,xn)(Y2)( (xigocno,xn) PYl

one obtains through simplification and division by MFC, the equality
i

PYQ (MPP (X;L, eoae JXn) (Y2) - PY]_ (WP(X:[, XXX ,Xn) (Yl)
(Xi’oooo,xn) m(xi"""xn)

This expression can be generalized for any number of outputs and op=
timum adjustment for any given level of ¢ is reached when the followe
ing conditjon.is fulfilled

PYl(m(xin“u].(n) (Y1) ‘ PY2 (Mpp(xi:go.eu}n) (Y2)
m(xig!eregxn) m(xi,....,xn)

Py OPR(x,, L x @)
1 1s0eseakn)ly o Ultimate adjustment cannot be reached until

seceey

(x1,.3;.,Xﬁ)
the factors Xj,,e..,%n now fixed for the farm as a whole and variable
between enterprises can become variable for the farm as a whole, Only
then can they be freely bought or sold in such a way that the condition

Py, (MPPy, )y, ! Py, (MPPy .)11_ _ Pyy (WPgy )y Ry, PPy, )y, i
X X5

. a 1

Py, PPy )y, © Py, (MPPR )y !Py, (MPPy, ) Py, (MPPR )y

_'gimx‘t}g.’oono, %P&—-E,....’—me—les’””’ LS Pxn k.
n

is fulfilled,

A mzthematical derivation of the equation of the iso cost line 1s pres=
ented in Appendix A,

1 :

4
a1 g
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The foregoing argument refers only to two enterprises and gives a graph-
ical, intuitively appealing explanation of the theory of profit maximization

in the farm with more than one major enterprise, A generalized theory of

optimum combination of enterprises can be deduced from the profit equation just

as this was done for the one variable case under (A) above,

b. The generalized theory of enterprise combination, Equation ( 2,4 )

is a generalized profit equation covering m outputs (Yi), each one produced

by any or all of n inputs (Xj)'

"
( 206 ) T = 2 PY.Y. - 2 P‘(‘X* °
i=1 T4 =1 0]

Assuming that changes in inputs or outputs which are made by the firm do not

influence Py, or PX the system of differential ecvations ( 2,7 ) results
i .

J
upon successive differentiation of ( 2.6 ) with respect to the amount of each

Xj used in producing each Yi.
(2.7) %LT,— = WPy vy Py - Px, o
=J 1 i J

Setting each of the mn ( 2,7 ) equal to zero and assuming the second order
conditions satisfied on the basis of the leow of dim’nishing returns, results
in m n profit maximizing conditions which can he surmed into

' m n
(2.8) ié=1 MPPX;-,(YQ Py, = jf_l ij .

Equation ( 2,8 ) is equivalent to the firal couation in footnote 6 above,

B, The Empirical Prccedures of Estimating Production Functions

The development of the theoretical concepts of marginal productivity

analysis induced erpirical workers to look for equations which would approxi-






13

mate actual production functions. IMarginal value productivities could be
obtained from these equations through partisl differentiation.,

Generally, five names are associated with this work, all of them have
ing suggested and used certain equations approximating the law of diminishing
returns, These men are: UicksellB, Mitscherlich9, Spillmannlo, Cobb and
Douglas.11 The function originally developed by Cobb and Douglas was used
at first to measure the respective contribution of labor and capital upon
the gross national product of the United States economy, It is a power-
function of the form P = aCkLl-k.12 Cobb and Douglas did not use this
function to estimate the MVP's for individual firms but confined themselves
to the analysis of macro-economic relationships,

1, 15
5 I

1
Tintner 3, Brownlee and Heady following a suggestion made by Durand

introduced to the analysis of input and investment procuctivities on farms

8 Wicksell, Knut, Lectures on Political Iconomy, Volume 1, London; G,
Routledge and Sons Ltd., 193L4-35, pp. 121-3 and pp. 127-30,

7 Mitscherlich, Eilhard A., Bodenkunde fuer Land und Forstwirte, Berlinj;
Paul Parey, 1905,

10 Spillman, W, I,, Use of Exponential Yield Curves in Fertilizer Experiments,
U.S.D.A. Technlcal Bulletin Mo, 316, 1933,

11
Douglas, P, H., and C, ', Cobb, "A Theory of Production", American Economic
Review, Vol, 18, 1928 supplement, pp. 139 ff,

12 "P" in the original Cobb Douglas function represents Gross National Product,
"CM represents Capital and "L" stands for Labor,

13 Tintner, G., and O. H. Brownlee, "Production Functions Derived from Farm
Records", Journal of Farm fconomics, Vol. 26, 19Ll, pp. 566 ff,

Heady, Farl O., "Production Functions from a Random Sample of Farms',
Journal of Farm Lconomics, Vol, XXVIIT, No. L, November 1946, pp. 989-100&.

15

Durand, David, "Some Thoughts on MHarginal Productivity with Special Refer-

ence to Professor Douglas' Analysis', Journal of Political Economy; Vol., XLV,

December 1937, pp. 7LO-58.
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a power funcition, which resembled the cne used originally by Cobb and Douglas

but did not reouire the sum of the exponents to equal one, The ecuation was

of the form
bl b2 b
(2.9) Y= 2y eeee, X0 5000e,X 0
where Y represents output, the dependent variable, and Xj,e...,%, represents

the indenendent inputs or investments which determine output., The following
section will analyze the mathematics of this function wrthich is commonly re-
ferred to as a Cobb-Douclas function, A treatment of thc cortents of past
empirical studies usinc the Cobb=Douglas technique and nertaining to the sub-

ject matter of this stud; is rccerved for Chapter I1T,

1, The iiathematics of the Cobb-Bonslas Function

The Cobb-Douglas Tunction is a nover function and has certain unicue

.

mathematicel chearacteristics; some ~rc helpful, others detrimental for em-
pirical worl, Among its nosgitive leatures, the follcwin<e =2re the most im-
portant: (1) The functinn is casily fitted to emmirical data. In lo~arith-

mic form

( 2,10 ) Log ¥ = loz a + b1 Tog Ty + b5 100 o + yeees, + by Jog X

~

b the nethod of least squares, The

4

the function is linear and can be Titted

only transformation required uwherc the function is to be written in exponential

form is the conversion of the constant g bacls “nte the notural numbers, The
regression coefficients (bi) arc alreadr In natural nurbers and merely have
to be raised to the cimonent rosition. (2) The fimction ~ives irmediately
elasticities of the product Y with respect to the factors of nrocduction.

(3) The power function allows the rhenonenon of decreasing marginal returns

to come into evidence without hovin~ to nise up too many derrees of freedom,
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If instead of the power function a cquadratic funciion werc used, decreasing

marginal returns could also be showm, lowever, the number of rcgression

coefficients which would have to be obtained increases substantially, thus

-9

n

redu¢ing the nmumber of degrees of freedom and requirine an increased number
of observations, (Li) If the errors in the “ata are small and normolly dis-
tributed, a locgarithmic transformation rreserves the normality to a substan-
tial degree, Iven if the errors z2re not normall:r distributed =2nd n-t in-
dependent the best linear estimate is obtained by the arplication of the
method of least scuares. Tests of significance, however, are no lonrer
valid.16

Against these advantaces stand a series of ncgative aspects vhich need
to be understood: (1) the functinr can sho. incrcasins or decrczsing re-
turns but not both 2t the came time, Thus, the function increases at an

. . L) < . . k) L) :
increasing rate when the 2 bi ? 1, it increases 2t a constant rate when the

ﬁ'bi = 1, it increases at a decreasing rate when the b; < 1, and it decreases

absolutely when the i'bﬁ<'0. (¢) The function never reaches a mozcimum,

(3) The function has constant elacticity throurhout, which means that the
scale linec will be straicht 17nes resulting in the unreolistic feature that
the optinum proportion in -~thich the »roduction factors sre combined never
changes as the ertervrisc increasses in size., (L) The function in the form
it is presently vsed nust start at the origin and intersects the output-in-

1
put planes at ¥ = C, !

16

Tintner, Cerhardt, "A Fote on the lerivation ol Iroducticn Minctions
from Tarm Records", “ccnometrica XIT, Vo, 1, Jenuary, 19U, p. 26

17 . .o .
Certain modifications of the function vhich vonld do aiar with sone of
L

its negative features have hecn develoned Yo 11, O, Carter a
University and are the subject matter of 2 forthcom’ns i

n

Dissertation,

dchican State
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2, The IMarginal Value Products
The MVP's are obtained upon partial differentiation with respect to the

factor for which the VP is sought.

oY 01,02 Pi-1, bi+l by
( 2.11 ) J-X—i = 8.4{1 .1{2 ’.."’bj,'l{i J{j+1 ,ooo.,Xn

Multiplying top and bottom of the right side of the differential equation

( 2,11 ) by Xi’ equation
171

( 2,12 ) éY - A2 seveey i+1 ’,...,'X:nn
dj{‘ Xi

is obtained which reduces to

§v b B
(2,13 ) = b
LR X

This partial derivative represents the empirical estimate of the MVP at the
geometric mean and has the advantage that it can be corputed for any level
of Y and Xi which is not beyond the range of the data from which the original

function was estimated.
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CHAFTIR IIT

PAST EMPIRICAL STUDIZS ISTHTTNG MAPGTIIAL VALUL PRODUCTS OF

INPCTS AID TWVESTIENTS TI ACRICULTURE

The present chapter relates nast emmirical work in the
ductivity analisis to thc precent ‘nvestication. iost of the £ tudies vhich
have been conducted in thie rast cencerned themselves with estimating nro-
ductivities of inmuts and investments on speccioiiz®ng
research vorkers attempted to obtain troductivity estimstes of rroduction
factors in individual cnterprises of multiple cntervnrice farms,

The chanter is divided intec two sections, one of these will be con-
cerned with the reasons why the analisis of muluirle enterprise farms has

been ncglected, the other =211 Aisecuss the nore immortant studies which have

been conducted and »oint out +h the present investicntion,

A, Reascns iy rast Procuctivity Analyscs inve Concentrated

Larzelr on 3ingle Lroerprise Fearins

There appear to be three vrersons why the analysis of ‘ndivicual enter-
prises on multiple enterprisc Torms has been neglected: (1) It vas recog-

nized by a number of erpirical < ers thet fitt'ng of one agrrecate func-
tion to data from multiple cntorrvize farmz vonld w“cld o zeneral function
wvhich is frequently not arplicable In an- ont cnterrrise on that Farm, (2)

}

accounts which were Jetailcd enoush Lo 2llow fitt ' ns of indencendent enter-

prise functions were not ~omcrally available, ~nd (3] coicontual lmouwledce
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regarding the depencence or independence individual procduction functions
was vague,

1. The errors introduced v fittine an as-rezate function., An agrregete

Fad

function in this context is defincd as 2 mwoducition funciion estimated for
the entire farm firm from input-out-ut cdata teken Ir-m the entire farm, in

contrast to a production functicn estinoted for =r individval enterprise on

a farm, this function beins fitted to Jove fror f enternrise ~nly,
Assuming that such -n arcrerate function o fitted to inuni-ocutnut data
from farms with several ecually imrortant entermrices, unre-sonable results
L L . b

~
v

must be expected: (a) If the noture of the roturns to scole is di

ity

ferent

in the individual enterprises such that some of then would show increasing

others decreasins r-turns to scale, the rosulting estimate would De an averace
function which is rot srecificallyr annlicable in anr ~ne of the enterprises

T oant ; ’
(b) the estimates of the rerression coefficients wn-ld be ncaningless if the

true IVP of the factors for which the rcoression cocfiicient is cstimated is

3
=
joy
o]
Hhy
[
'3
S
)
9]
o
o
(=N
]
o)
.
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chk
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@
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o

not ecual in the various cnterprises on
marginal rroductivity resultin~ from such rorcression coclficients would not
vield specific informatior 2hout where in the firm the use of the factor should
be changed, and (c) the errors »f the rorrecsicn coefiicients h'ch depend
partially upon the correlation amons the indenendent variables and the standard
error of the resression line will somnetimes be increased thus making the result-
ing MVP estimates more unreliable, TIn particular, fitting of an aggregate func-
tion should be avoided if the agrrecation of imputs and outnuts increnses the
standard error of the re~recsion line and/or the correlation among the in-

dependent variables,



Two recent studies, one conducted by Glenn L. Johnson1 in Callouay
County, EKentucky, the other by Gerald Ton Trant2 in northern liichigan
may serve as illustrations of the complications which may resvlt from
fitting aggregate functions: Johnson fitted a function using 3l farm records
from Calloway County farms, liost of these farms nproduced livestocl:y, dark
tobacco and popcorn in some combination., All the inpuls and outnuts trere
added and the resulting rcgression coefficients apreared unrealistic when
compared to other estimates which were obtained from more specialized farms
operating under similar »rocuction conditions as those found in Calloway
County, In the Callowey County study, the IVP of land was unreasonably high,
while those of forare-livestock investment and lahor avnpeared unusuelly lou,
Johnson attributes tinese biases to a hirch intercorrelation among thz afore-
mentioned factors and suczests thai seme of the productivity of labor and
livestock investmont might have been reflected in the earnirg power of the
land variable., This is in agreement :ith what has been pointed out earlier
in this chapter, If twc inrut categories arc hizhly correlated, as might
well be the case for forage-livectoc!: investments ond land, it is difiicult
to determine exactly the proper chare of the nroduct which is attributable

to each one of these factors.

=
3
J
=

1 Johnson, Glenn L,, The LEarninc Power of 1ts and Investments on Upland
Calloway County Tarms, 19°1, Progress Renort lo. I, 2 - [7A60, “entucky
Asricultural “reriment Station, T of Ientucly with Tennessee
Valley Authority Cooperating,

Trant, Gerald Ton, A Technicne of fdjusting Ilarsinal Value T'roductivities
Estimates for Changing Prices, Unpublished 14,5, Dissecrtation, iliichigan
State College, 195,

4
il

oy
-



20

Trant fitted two functions for thirty and thirty three farms respective-
ly, both samples taken from 12 counties in northern lower Michigan, The re-
gression coefficients for land and labor in the first sample turned out to
be - ,232073 X 0235095 and - ,13058L ¥ 205911 respectively, The co-
efficient for labor in the second sample was - ,1738455 £ ,1417010, These
appeared unreasonable in view o1 a general knowledge of agriculture in that
area, Trant points out ".., while it is possible that increased quantities
of land and labor might decrease gross income, it was not believed probable
that they would do so."3 A number of the farms in both samples produced a
highly heterogeneous product., A function fitted only to those farms in the
sample which derived at least LO% of their total gross income from dairy pro-
duced regression coefficients which were positive and appeared to be more
meaningful, Also the regression coefficients were associated with consider-
ably smaller standard errors,

From the foregoing considerations supported by the two studies mention=-
ed, it appears that in many cases fitting of one aggregate function to data
taken from a series of enterprises on a farm will not likely be a successful
way of obtaining meaningful marginal value productivity estimates on multi=~
ple enterprise farms,

2, The availability of accurate input-output accounts, The second reason

why empirical w rkers have avoided working with individual enterprises is the

Ibid, Do 37.

Ibid, p. 39.



difficulty of getting accurate input and output data, Detailed enterprise
cost accounts are difficult to obtain b; the survey method and farm account
records ordinarily fail to contain enough detail by enterprises to fit such
functions,

3. The conceptual difiiculty of proving that production functions of

individual enterprises are independent of each other, One solution for the

multiple enterprise problem which appears, prima facie, to be a plausible
one is that of fitting one independent function to each enterprise axd then
compare the resulting coefficients., This comparison would enable one to
determine in which enterprise the application of any factor, X3, is most
profitahle, However, there are conceptusl and empirical questions which
have to be answered before such a solution can be suggested as a reasonable
one,

The conceptual guestion centers around the problem of determining the
presence or absence of functional relationships anong individual production
functions on multiple enterprise farms, The empirical auestion centers around
the accounting problem and asls if it is possible to devise an accounting
scheme which is able to separate inputs which were used in enterprise Y; from
those used in enterprise Yj in case production functions on multiple enter-

prise farms are independent of each other, The answers to these two questions

will be sought in Chapter IV,
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B. Review of Past Empirical York Estimating Marginal

Value Productivities in Agriculture

Empirical work using the Cobb-Douglas techniqgue to estimate Marginal
Value Productivities of input and investment categories in agriculture was
begun during World ‘lar II.S This section will discuss some of the pioneer
studies vhich can be classified according to whether ther analyzed single or
multiple enterprise farms., The first group of studies is by far the largest
and within it the studies can be grouped according to the types of data upon
which the analysis was based,

o Studies which confined themselves to specializing farms, The design

of most of the studies which estimated !iVP's reflect the realization that data
from multiple cnterprise farms, if aggregated, yield unreliable results, Thus,
in order to have conly specializing farms in the sample, it iras usually spe-
cified that a certain minirum percentege of the gross income on the farms
included in the sample had to come from one enterprise,

The first applications of the Cobb-Douglas technique were made by Tintnerb
and Tintner and Brownlee7 at Towa State Collece, Farm business records from
5 types of Jowa farms were used: '"Dairy", "Hogs", "Beef Feeders", "Crops™"

and "General", The independent variables were (A) Number of acres; (B) Labor

5 Tintner, Gerhard, "A lote on the Derivation of Production Functions from
Farm Records" Econometrica XII, lio. 1, January, 194l

6 Tbid, pp. 26-3lL.

7

Tintner, Gerhardt and O, H. Brownlee, "Production Functions Derived from
Farm Records", Journal of Farm Lconomics, Vol, 26, Aucust, 194l

&f,»(' .



months; (C) Farm improvements (buildings, fences, etc.); (D) Liquid assets
(livestock, feed, seed, fertilizer, etc.); (E) Working assets (farm machinery,
including the farm share of the automobile, breeding livestock, equipment other
than buildings and fences); and (F) Cash operating expenses (equipment repairs,
fuel, oil, feed purchased), DlManagement was not included as an input,

The standard errors of the regression coefficients of the farms called
UGeneral" were compared with those of 211 famms included in the study and
were found to be higher than the averace for each of the various input cate-
gories on the "General" farms, However, it is difficult to establish that
these larger errors came about as a result of the aggregation of inputs and
outputs from several enterprises, Tintner and Brownlee's sample included
only 20 "General Farms" which reduces the number of degrees of freedom to
13 and the larger errors might be cdue to the smallness of the sanple,

Drake? using liichigan Farm Account records fitted two general functions,
one for dairy farms, the other for gencral farms. The reason for this sep-
aration is given as followssy (1) "the separation of the dairy farms from all
farms permits a more specific analysis of the structure of the farm business.,.."
(2) "The hypothesis was set up that the correl=tion of gross income with the
factor categories should be greater for the more homogeneous groups of dairy
farms than for the not-dairy farms., From this it should follow that the con-

fidence intervals of the coefficients of elasticity of gross income for the

8 Drake, Louis S., Problems and Results in the Use of Farm Account Records
to Derive Cobb-Douglas Value Productivity Functions. Unpublished Fh,D.
Dissertation, lMichigan State College, 1952,
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different categories of factors should tend to be narrower..."9 Drake does
not analyze in detail the reas-ns for his hynothesis, Presumably, however,
his argument was similar to that developed in the preceding section of this
chapter where it was shown that aggregation of input and output data can
under certain circumstances increase the correlation between the independent
variables and thus, make the estimates more unreliable, It turned out that
Drake was unable to support his hypothesis with the data he used.lo However,
he was the first one who recognized this difficulty and tried to establish the
empirical proof,.

Headyll fitted functions to random samples of farms and was the first
one to use survey sampling data for Cobb-Douglas productivity analysis. A
total of 13 functions were fitted to data which were grouned according to
the enterprise which was most prevalent in the regions wherefrom the data
were chosen,

The errors of the rezression coefficients for the group called "Generzl
Farms" are not significantly hicsher than the errors which were found for the

regression coefficients on snecializineg farms,

Ibid, Po b—?v

10 mig, p. L7e

i

Heady, Earl O., "Production Functions from a Random Sample of Farms",
Journal of Farm Leconomics, Vol, 28 (19L6), pp. 989-100l,
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Johnson12 was first to apply purposive sampling in devising sample sur-
veyse The notion here is to obtain data covering the largest possible area
of stage II on the production surface., Johnson also developed rules for in-
put classification. Both the various possible sampling procedures and the
rules for input classification as developed by Johnson will be discussed in
the next chapter,

2. Productivity studies dealing with multiple enterprise farms, There

are two studies which attempted to analyze individual enterprises on multi-
ple enterprise farms,
Fienup13 fitted a crop and a livestock function to data from 150 Dry
Land Crop and Livestock Farms in Montana, Fienup does not justify, concept-
ually, the fitting of independent functions nor does he attempt to treat the
accounting problem in anv systematic way. The data to which the individual
enterprise functions are fitted are not the result of individual enterprise
input-output accounts but are, in several cases, obtained by arbitrarily ap-
portioning of the inputs used on the farm as a whole,
o

1
Frenchlh, leaning heavily on a paper by liarshak and Andrews 2 employed

simultaneous equations to estimate production functions for crop and livestock

12
Johnson, Glenn L., Sources of Income on Upland lMarshall County Farms,

Progress Rcport llos 1, and Sources of Income on Upland licCracken County
Farms, Progress Report lios 2, Lexington, Kentucky Agricultural Experiment ‘
Station, 1952, e

Fienup, Darell, Resource Productivity on Montana Dry Land Crop Farms,
Mimeograph Circular 66, liontana State College Agricultural Experiment
Station, Bozeman, liontana, 1952,

1k

French, Burton, Estimation by Simultaneous Tquations of Resource Produc-
tivities from Time Series and Cross Scctional ¥arm Observations, Unpub-
lished Ph.D. Dissertation, Iowa State College, 1952,

13

15 Marshak, Jacob, and VWilliam Andrews Jr., "Random Simultaneous Equations
and the Theory of Production", Fconometrica, Vol. 12, 19LL, pp. 1L3-205.
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enterprises on 15 Towa farms. French treated these systems (crops and
livestock) independently although he assumes that ",,, in actual operation
we have two production functions each dependent upon the other."1

The reason why Marshak and Andrews suggest usins simultaneous equations
and not the single least squares aporoach to estimate production functions is
mainly that the X5 in the production function are not considered to be truly
independent variables since they are a unction not only of prices - (Marshak
and Andrews do not make the assumption of perfect competition) - but also of
uncontrolled factors such as management for which no specific assumptions
regarding their probability distribution can be made, IMarshal's and Andrews'
suggestions refer to the estimation of production functions not only for
agricultural but also for industrial firms,

Since this study is concerned with production functions for agricultural
firms only, it is believed that the essential assumptions for perfect com=-
petition can be made; thus Marshak's and Andrews' criticism of the single
least squares approach is at least partially invalidated in this particular
instance, The assumptions which were made in this study regarding the dis-
tribution of unexplained residuals such as management will be discussed in
Chapter IV,

It should be nointed out also that Marshalk's and Andrews' suggestion to
use simultaneous eguations is made because it is believed that by this method,
the best fit of individual production functions is obtained., The simultaneous a
equétions approach is not sugrested to explain the relationships among pro-

duction functions in multiple enterprise firms,

16

French, Burton, op. cite pe 55



Analagously French! study is concerned with the best way of fitting in-
dependent equations and does not attack the most impmortant problem of multiple
enterprise analysis namely the question of functional relationships between
individual production functions,

The following chapter will investigate two very closely allied questions:
(1) Can the production functions within agricultural firms assumed to be in-
dependent of each other or are they functionally related? (2) If these func-
tions are actually independent, is it possible to gcuard against pseudo=de=-

pendencies through accurate accounting methods?



CHAPTER IV

METHODS OF ANALYSIS AND THE PROBLEM OF ACCOUNTING
The present chapter will consider ways of analyzing enterprises on
multiple enterprise farms, In particular, possible methods of estimating
the parameters statistically and problems of input and output accounting

will be considered,

A, Analytical Methods Available and the Choice of the Most Appropriate

Procedure on the Basis of Ixisting Relationships

on lMultiple Enterorise Farms

It has been shown in the previous chapter that many past empirical studies
have been able to circumvent the multiple enterprise problem but have not
employed the necessary analytical apparatus to cope with it adequately., The
problem was circumvented by fitting functions to data from specializing farms;
the results in these instances were accurate but revealed nothing about opti-
mum combinations of enterprises. No attempts were made in earlier studies
to work out the conditions under which functions fitted to data from special-
izing farms could be used in handling problems on multiple enterprise farms,

Studies which fitted an aggregate function to farms with a variety of
enterprises yielded results vhich revealed nothing about enterprise combina- it
tions and often produced meaningless estimates,

As a result, it is concluded that the single equational approach is not

generally applicable to the solution of the multiple enterprise problem. The






alternatives which are suggested consist of (1) fitting a series of equations,
one for each major enterprise, to data from multiple enterprise farms or

(2) fitting a series of equations to enterprise data from specializing farms,
ascertaining the situations in which synthesis of such fits is possible

on multiple enterprise farms.

1. Definition of iulti-Equational Anproaches

By multi-equational aprroach either one of the following is implied:
(a) a system of ecuations in which all or several of the individual functions
are functiorally related to each other, This system would have to be solved
by the method of simultaneous equation which, if the system is "just identified"
involves a transformation of the equations into the "reduced form" where each
endogeneous variable is expressed in terms of exogeneous variables only. The
equations are fitted in this form by the least squares nrocedure and recon=-
verted into their original "non-reduced" form, If the system is "overidenti-
fied" the limited information, maximum lilelihood method yields more accurate
estimates of the parameters.1 (b) a system of equations, each one fitted in-
dependently to data from farms on which those enterprises are combined, and
(c) a system of equations each fitted independently tp data from farms special-
izing in those enterprises which are combined on the multiple enterprise

farms studied,

1 Klein, Lawrence, A Textbook of Iconometrics, Lvanston:Illinois and “hite

Plains, New York: Row, Peterson and Company, 1953, p. 25L.
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2. The Applica®ility of the Three Approaches

The applicability of any one of the three methods of analysis out=-
lined is not immediately evident and depends upon the presence or absence of
structural interrelations between enterprises,

Approach (a) a system of equations, one for each technical production
function, solved by the method of simultaneous equations may be applicable
in those instances where the physical production functions of the individual
enterprises are functionally related to each other, Tn less technical terms,
this means that the physical input-output relaticnships and therewith the
parameters of the production function, in one or all of the enterprises
Yq5eeeeyY,, would always change asaresult of changes in inputsor outputs
occurring in enterprise Y.

Physical interdevendence of production functions implies that the pro-
duction parameters in one enterprise change as changes in inouts or outputs
in other enterprises occur even if all the inputs are measured in terms of
physical units, Anothcr kind of interdependence is economic and occurs if
all or some of the inputs are measured in terms of their opportunity costs
in other enterprises making the production functions involving inputs so
measured dependent upon each other, The remarks concerning the applicability
of simultaneous equations apply only if this first type of interdependence
which is of a technical nature exists, Iconomic interdependency can be
handled through avoiding pricing of inputs cr investments in terms of their
opportunity costs for, if no external econcmies or diseconomies are present,
market prices will be constants in the sense that the farmer has no influence
upon them. If, however, internal economies and diseconomies exist and on-

farm opportunity costs are used to price inputs, biases of the quantities of
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inputs actually used would result. Accounting in physical units or constant
dollar terms is not affected by the existence of internal economies or dis-
economies.,

Approach (b) a system of equations each fitted independently to data
from multiple enterprise farms, appears applicable if the physical production
functions of the individual enterprises are not related to each other. In
those cases where physical dependencies among production functions seem to
exist, accurate accounting can determine whether a pseudo-dependency or a
structural dependency is at hand.

Approach (c) appears useable if the production functions along which
enterprises on multiple enterprise farms operate are independent, the same
as those on specializing farms and involve the same inputs.

In the remainder of this section a number of conceivable relationships
on multiple enterprise farms will be investigated in an effort to determine
under what conditions the production functions should be expected to be
physically related or unrelated and/or the same or different from those of
specializing farms. After these investigations are completed, it will be
possible to choose from among the approaches outlined above the most appro-

priate one.

3. The txisting Relationships among Enterprises

a. Input-input complementarity. Input-input complementarity exists if "

two inputs used in producing a certain product have to be combined in rather
definite proportions. A great number of inputs used in agriculbure are com-
plements to each other although the proportion in which they are optimally

combined varies from enterprise to enterprise. Complementarity is due mostly






to physiological requirements which permit substitution of factors only within
a rather narrow range. For purposes of illustration, a beef-hog farm is
assumed. The inputs are hay and grain. The supply of both these inputs is
fixed on the farm at least within one year. If the output of hogs is reduced
due to lower anticipated pork prices, both grain and hay (pasture) will be
released which can now be used in the production of beef feeders. However,
since the hay/grain consumption ratio for hogs is, in almost all cases, lower
than that for beef feeders it is apparent that grain will now be available

in relatively larger quantities and a beef feeding system leaning more heavily
towards dry lot feeding would be indicated. This is especially true in those
instances where hay and grain are fixed on the farm, i.e. their MVP's are
higher than the price which would be obtained if they were sold on the market.

The question relevant to this investigation is whether or not shifts such as

the one described change the parameters of the production function of the enter-

prise in which the substitution has occurred. If the inputs are measured in
dollar values based on alternative earnings, this question must be answered
in the affirmative since each change in the relative sizes of the enterprises
would be connected with a re-valuation of the total quantity of the factor
used in the two enterprises. Thus, in the example above, after the shift of
grain from hogs to beef has occurred the opportunity cost of grain in beef
would have fallen while that of hay would have risen. If the total quantity
of grain fed to feeders were valued at this new (lower) opportunity cost a
downward bias in the grain variable would result producing an apparent

upward shift in the production function of beef,



If, however, the factors are measured in terms of constant dollar values
or in terms of physical units, changes such as the ones described above will
appear to be what they really are, namely movements along the same physical
production function. It arpears on the basis of the foregoine argument that
the simultaneous eauations approach is not necessary as a result of shifts
involving differences in input-input complementarities,

b. Product-product complementarities. Two subcases of product-product

complementarity can be distinguished: True complementarity and byproduct

complementarity. True Complementarity exists if variable factors of pro-

duction i.e., factors whose MVP is larger than their replacement cost or
whose MVP is smaller than their salvage value can be varied between enter-
prises in such a way that the output of one enterpgrise is increased without
decreasing the output of other enterprises, Iach one of the curves in Figure
S which shows different combinations of two products Yl and Y2 obtainable
with a certain quantity of these varisble factors is called an iso outlay
curve and shows ranges of complementarity and competitiveness, Thus, if a
farmer decided to arnrly = ton of fertilizer worth .30.00 on two acres of
land, one of them producing corn the other oats, he might well be in stage
IIT if he applied 21l the fertilizer in corn. If he began to reduce the ap-
plication in corn and applied some of it in oats both his corn and oats
yields might be increzsed, A diff'erent, higher or lower, iso cost curve exists
for each total quantity of the variable factors used between the two enter-
prises,

There is no reason to assume that movements along the scale line of each

individual production surface occurring as factors are shifted between enter-
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Fige 5 , Hypothetical Surface of
Iso Cost Curves Showing Arcas
of Complementarity and Com-
petitiveness

prises or movements along the scale line of the iso cost surfasce in the
product-product dimension would make the individual production functions de-
pendent upon each other. This is true only as long as inputs are measured
either in constant dollar terms or in terms of physical units,

Supplementarity due to better utilization of fixed resources can be

looked upon as a subcase of true complementarity closely allied with the one
discussed above. The only difference is that part of the factors previous-
ly assumed to be varisble have now become fixed inputs., While they are fixed
for the farm as a whole they remain variable between enterprises. In such

a case enterprises may be added and their size expanded until the returns of

the fixed factors in the two or more enterprises in which they are used are






equal to each other. The important source of complementarity here is that
the MVP of the fixed factors which might have been zero before additional
enterprises were added has now increased thus reducing the average cost per
unit of output. Again there is no reason to believe that this type of
complementarity makes the physical production functions dependent upon each
other,

Byproduct complementarity is a form of pseudo-complementarity occurring

when part of the output coming from one enterprise is used as an input in the
other enterprises in the firm without being considered in the accounting
process. Failure, in accounting procedures, to credit such byproducts to
the producing enterprise and charge them to the utilizing enterprise creates
an apparent complementarity. An example c¢f this is the situation which exists
between corn and legume enterprises when the byproducts, nitrogen, humus and
soil tilth are ignored. It appears as if, after the addition of the legume
enterprise, the same amount or more corn can be grown in aadition to the
hay crop with the same total outlay used when no legumes were grown. Act-
ually, however, the inputs to the two enterprises have increased if one
considers the nitrogen added as well as the improvement in soil tilth which
was brought about as a result of the addition of legumes., [I'igure 6, 7, and
8 show the situation which exists as a result of the presence of byproducts.
Assume that the total quantity of factors aveilable are (a) of nitrogen
and (b) of potassium. If these quantities were used in corn production, an
amount A of corn would be produced., ~Assume now that a part of the total
quantity of N and KéO is applied to legumes. Theselegumes will build up
nitrogen in the soil which might in succeeding years grow a larger quantity
of corn with a smaller quantity of the commercial inputs N and Kzo)than was

used previously in this enterprise. The conclusion might then be reached
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that corn was produced in stage III since the production of both corn and legumes
has been increased through a shift of the productive agents between enterprises,
Figure 6 illustrates the situation for corn. If the total quantity of N and

KO were applied to corn, a quantity A (Figure 8) might be produced. After the

2

application of N and K2O in corn has been reduced to a' of N and b' of K20

an amount B of legumes is produced. However, since the legumes grown left
nitrogen in the soil, the actual quantity of nitrogen available to corn might,

in the following year, be a " which combined with b' of K_O produced a quantity

2
A' of corn which is more than the original cuantity A, Here than a peculiar
type of discontinuity exists in the iso cost function of Figure 8, which can
be explained if it is recalled (Chapter II) that a different iso cost curve
in the product-product dimension exists for each new quantity of the factor
N which becomes available. Thus, the true transformation curves 5:1, 2.2,....,
S'n are intersected by a pseudo-iso cost line AB which appears to be the rele-
vant curve if no proper charges are made for the byproducts utilized. There
appears to be no reason for expecting the production functions for byproduct
producing and utilizing enterprises to be dependent upon each other if the
byproducts are appropriately measured, charged and credited in either physical
of constant dollar terms. Again, the ccnclusion is reached that simultaneous
equation techniques are not required to fit the functions.

At this point in the investigation, it is concluded that production func-
tions of individual enterprises on multiple enterprise farms can be regarded
as being independent in a technical sense. Apparent dependencies are due to

pricing in terms of on-farm opportunity costs and/or neglecting to charge and

credit byproducts in a proper way.
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Aside from the technical relationships discussed so far there are econ-
omic influences usually referred to as external economies and external dis-
economies. Possible changes of production functions due to the influence of
these factors still have to be considered,

c. The effects of economies and diseconomies upon production functions

on multiple enterprise farms. Examples of external economies are reductions

in factor prices due to larger quantities bought and increases in product
prices resulting from a larger volume of products making it possible to enter
a better market. If such economies exist, it is possible that as one enter-
prise is expanded, it becomes profitable to replace certain inputs by differ-
ent ones which can be bought more profitably in larger quantities, In such
cases it may be profitable to change the production processes in a number of
enterprises.

In the case of external diseconomies, a similar argument applies, namely
that the production processes will change as a result of relative increases
in the price or opportunity cost of using one of the fzctors or a relative
decrease in the price of the product.

Whether or not the individual production functions can be looked upon
as being dependent upon or independent of each other depends upon whether or
not the changes in the production functions are continuous changes or whether
the new function, once determined, remains the same., If the changes appear
continuous, stratified sampling might handle the difficulty without the use
of simultsneous equaticns. If the change is not continuous, simultaneous
equations areunnecessary,

The next step is to investigate the nature of production functions on

specializing farms and compare them with those on multiple enterprise farms






in order to determine whether functions on these two types of farms are, in
general, the same or different from each other,

d, Bifferences between production functions on specializine and on multi-

ple enterprise farms, The third approach which was outlined above would

utilize functions fitted to data from specializing farms to male inferences
about the productivity of factors in multiple enterprise farms, This approach
is not likely to be successful because the utilization of byproducts which

are frequently wasted on specialty farms comes into play on multiple enter-
prise farms, Thus, when several enterprises are combined on the same farm,
production processes may be altered substantially to provide for byproduct
utilization., These alterations exist whether inputs are mecasured physically,
in constant dollars or in terms of opportunity costs. An example is straw
bailing which might occur on a wheat livestock farm, but might not on straight
livestock or wheat farms,

Regarding the influence of external economies and diseconomies it has
been shown in the previous section that these factors may be of considerable
importance on multiple enterprise farms., Consequently, it should be expected
that these factors also cause production functions on mmltiple enterprise farms
to differ considerably from those found on specializing farms,

On the basis of these arguments, it is concluded that functions should
not be fitted to data from single enterprise farms for use on multiple enter-
prise farms,

e, Conclusions from the foregoing arguments, In summary, the following

conclusions are reached on the basis of the foregoinc analysis:
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Input-input relationshins, product-product relationships and internal
economies and diseconomies are unlikely sources of dependency among physical
production functions on multiple enterprise farms if all inputs are measured
in physical or constant dollar terms. Consequently, it appears unnecessary
to use the simultaneous equations approach in fitting production functions,

From the investigation of the physical and economic relationships on
multiple enterprise farms and from a comparison of the nature of production
functions between specializing and multiple enterprise farms, it appears that
functions fitted to data from specializing farms for use on multiple enter-
prise farms should not be expected to be appropriate, This leaves the approach
of fitting each equation of a system of equations for multiple enterprise
farms independently to data from such fams. This is the approach which has

been used in the empirical part of this study.

B, Emprical Problems in Istimatine Production Functions

on iultiple Interprise Farms

The remainder of this chapter will investigate problems which arise in
connection with the empirical estimation of production functions, Problems
of output and input classification, problems of b:product accounting and
pricing of fixed factors, methods of sampling and alternative fitiing pro=-

cedures are considered,

1. Output Classification
In multiple enterprise analysis, it often becomes necessary to combine
enterprises into categories because even in the simplest farm organizations
many products are irequently produced which cammot and need not be analyzed

separately, Combination of products into output categories often makes the






analysis easier and more meaningful, Output classification should be undertaken
in view of the objectives of a productivity analysis, which on multiple enter-
prise farms, are (a) determination of the optimum relative size of the present
enterprises on the basis of the relative efficiency of the productive agents

in these enterprises; (b) conclusions regarding the profitability of the
enterprises presently found on the farms which are studied in comparison with
enterprises not found on the farms under similar conditions; and (c) con-
clusions regarding the profitability of feeding crops to livestock versus
selling these crops for cash,

a, Joint products, Bradford and Johnson define a farm enterprise as "... a

line of production necessitating individual and distinct production treatment",
Following this definition, it appears that all nroducts requiring the same pro-
duction treatments can be called joint products even thouch these products differ
in their nature, Ixamples are milk and calves, mutton and wool, or pork and
lard, These pairs of products comnete very little for resources and can thus

be considered as one enterprise; they need not be analyzed separately in a
productivity analysis,

be Products competing for resources, All procducts requiring difi'erent

production treatment can be crnsidered as competing for resources and should
be analyzed separately if it is the objective of the analysis to determine

the relative efticiency of factors in the competing enterprises,

Bradford, Lawrence A, and Clemn L, Johnson, Farm lanagement Analysis,
New York: John liiler and Sons Tnc., 1953, p. 153,




c. Horizontally versus vertically fitted production functions., A multi-

ple enterprise farm can be looked upon as consisting of a series of major
enterprise groups. These groups are (a) the livestock enterprises and (b) the
crop enterprises producing feed and/or cash crops. Lach one of these enter-
prise groups contains a series of sub-enterprises which, as it was shown pre-
viously, can sometimes be treated as joint nroducts not competing for resources
and do not have to be analyzed separately,

In addition to integreting the enterprises within the major categories
it is conceivable to combine the feed crop enterprises with the livestock
enterprises and consider the proper share of the inputs in crops, this share
being determined on the basis of the proportionzte amount of feed consumed by
each livestock enterprise, as direct inputs in the livestock enterprises. In
such a function, livestock output would be considered as the dependent vari-
able and the inputs used in crops and the livestock enterprise would be con-
sidered as the independent variables., It is apparent that in such a function
feed produced on the farm cannot be charged as an input since this would
amount to & double accounting of the factors used in producing feed,

This, in brief, is the approach which has been used in most productivity
studies conducted on farms producing crops and specislizing in the production
of one type of livestock., The approach could be extended to the analysis of
multiple enterprise farms by fitting o series of such vertical functions.,

If,y on the other hand, it is desired to obtain a productivity estimate
for all major groups of enterprises and if it is to be determined whether
feeding of crops rather than selling them is profitable the vertical connec-
tion between crops and livestock enterprises has to be interrupted and inde-
pendent functions have to be fitted to the major livestock and crop enter-

prises., OSince it was desired in this study to arrive at conclusions regard-
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ing the profitability of feeding crops versus selling them and conclusions
regarding the efficiency of other fectors in crops as compared to their
efficiency in livestock it was decided to fit one independent function each

to the dairy enterprise, the hog enterprise and the crop enterprises,

2., Problems of Input Classification

The need for classifying inputs into groups in such a way that the
categories are economically meaningful was expressed in every product-
ivity study undertaken so far, The reasons for attempting to classify inputs
into’categories are the same as those given for output classification; the
actual production processes are too complex to allow each input to be handled
separately. Farm account data which were used in early productivity studies
are not set up to permit meaningful groupings of inputs into categories be-
cause investments are not clearly distinguished from expenses and productive
inputs are not kept separate from nonproductive inputs. Many of these short-
comings have been overcome in studies based on survey data which can be
designed to permit a more meaningful grouping of the variables, Bradford
and Johnson3 partly through learning from errors made in earlier studies,
partly through analytical reasoning developed a set of rules which proved use-
ful in the present investigation. In addition to these rules, new ones were
developed in connection with the problem of input clagsificetion on multiple

enterprise farms,

3 Bradford and Johnson, op. cit., p. lhl.



The ideal in input classification is to have the inputs within one cate-
gory combined in scale line proportions, Since this ideal is often difficult
to attain, Johnson and Bradford sugrest 3 rules which assure that it is at
least approximated ",.,. the inputs within one category be as nearly nerfect
substitutes or perfect complements as possible'., If inputs within one cate-
gory are perfect comblements they can only be used in one specified combin-
ation and the estimated IVP will apply to ther jointly, If the inputs with-
in the category are good substitutes and measured in terms of their least com-
mon denominator the estimated IVP applies to the least common denominator which
caused them-to be good substitutes,

"..s that categories macde up of substitutes (a) be measured according to
the least common denominator (often physical) causing them to be good substi-
tutes and (b) be priced on the basis of the dollar val:e of the least common
denominator unit."

",.. that categories made up of complements (a) be measured in terms of
units made up of the inputs coubired in the rroper »roportions (which are
relatively unaffected by price relztionships) and (b) be priced on an index
basis with censtant weights sssigned to each complementary input..,.!

Concerning the relationship of input categories among each other, Bradford
and Johnson specify "“... that the categories of inputs be neither perfect com-
plements nor substitutes relative to each other"., If input categories do not
fulfill this condition the correlation among them will be high thus making
the resulting VP estimates for the individual categories unreliable, Com-

bining such categories into one is the appropriate procedure in such a case,



", .. Investments and expenses should be kent in separate categories." The
reason for this suggestion is that one expects to get a dollar in return for
each dollar spent on items not denreciated, i.e. expenditures which have to
be met annually, Examples are expenditures for fertilizer, animal care etc.
Investments in turn are not expected to pay for themselves in one year but
have to be replaced over a period of years. Thus, if a2 machine is expected
to be worn out after 5 years one would be satisfied if each dollar invested
in this machine returns approximztely 20¢ plus interest on the investment,
Finally, Bradford and Johnson suggest ",.. that maintenance expenditures and
depreciation be eliminated from the expense catecories because of the diffi-
culty encountered in preventing duplication, This means that the earning of
the investment catcgories must be large enough to cover maintenance and/or
depreciation". The implication is that depreciation, if included as an ex-
penditure and the depreciated item is also included as an investment wuld
cause the bi for both categories (expenditures and investment) to be biased
downward.

Regarding the treatment of interest and taxes similar rules apply. It

)]

is erroneous to regard these factors as productive since really no return is
expected to accrue from them. Conseguently, such items have to be excluded
from the input categories because they would bias the resulting marginal value

productivity estimate dowmward.

3. Problems of Pricing
Pricing of inputs and outputs presents difficulties in those cases where

either no good market for the factors exists or accounting in physical terms



is impossible,

a. Pricing of outputs. Most outputs produced by the various enterprises

on a multiple enterprise farm can be priced rather easily because a well es-
tablished market exists for them, Difficulties exist in pricing byproducts
which are used only on the farm. These are often not handled commercially

in large enough quantities and no well established market exists for them.
Examples are manure, leguminous nitrogen etc. Since most of these items

are substitutes in one way or another for commercially handled production fac-
tors, it seems reasonable to price them in terms of the least conmon denom-
inator which causes them to be good substitutes.

b. Pricing of inputs, Difficulties similar to those discussed in the

previous section exist with respect to pricing of fixed inputs. Some of
these problems are eased since the Cobb-Douglas technique admits accounting
of inputs in physical terms. Thus, items like labor, land and building space
can be measured in physical units znd the resulting MVP's state the returns
for labor hour, acre of land, housing animal units rather than the dollar value
of the investment. The problem is more difficult for such items as machinery
investment which cannot be accounted in terms of physical units but have to
be priced. Machinery investment can be established fairly accurately by
resorting to Farm Implement Bluebooks which give current prices for most
types of new and used machinery, Appropriate discounts or additions can be
made depending upon the condition of the machine. Major repairs (new motors,
tires, etc.,) are added to the investment since they prolong the life of the

machine,
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li. Management and Unexploined itesiducls

Not all of the factors contributinz in the production process can be
included among the independent varicbles. It is for this reeson that the
theory of regression analysis spezks of unexplained residueals which reflect
the influence in the case of this study of such iiems es menegerent, weather,
different production systems in hozs and dairy. Hegressicn en=zlysis works
with the assumption that these errors or unexvlsined residuals are normelly
and independently distributed with respect to the independent variables,

How justified is the aforementioned assumption regarding menacement
on multiple enterprise farms?

Management obviously plays an importent role in combining enterprises
and farms which are well adjusted will have, in general, a high quantity
and quality of management while the opposite is true for farms which are
poorly adjusted. The implication here is that management is inversely re-
lated to the magnitude of the MVPXi ratios in the different enterprises,
Since the percentage profit on well adjusted farms is higher than on poorly
adjusted farms, a profit index of manegcement could be incorporated as an
independent variable in a productivity study. This, however, is only true
if one is willing to accept monetary profit as the mejor objective and the
sole criterion of menagement. If, however, a broader definition of manage-
ment is adopted which bases itself not only upon profit maximization but
upon maximization of satisfactions as well, the assumption that management

is distributed randomly, normally and independently of other factors is well

justified.
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5. Problems of Sampling

It was pointed out in a previous scction that nost f2rm account data
are not well suited for use in productivity situdies in the way they are
presently organized, Usually there is no clear distinction made between ex-
penses and investment repairs and between productive and nonnroductive intuts,.
As a result, several analysts preferred the surver sanple and the data thus
gathered proved to furnish more reliable estimates, TIn gencral, two diffcrent
types of samples were used (a) the random sample, (b) the purposively chosen
sample,

Random Sampling appears at first sight to be statistically a more ac-

curate and commendable procedure. However, if the majority of the farms in
the arez are relatively well adjusted economically, 2 random sample would
provide observations which are mostly concentrated around a small section of
the scale line as indicated in TFigure 9,

Such random samples might not nrovide good estimates of the entire pro-
duction surface which of course extends beyond the small area in which a
randon sample might fall., Tn addition, the errors of the recression coef=-
ficients micsht be large due tc the fact that the variances of the independent
variables are small, Since only a small area cf the surface is covered,
the estimates of the iso product lines extend onl:- over a small area thus
rreventing reliable conclusions abont the least cost combination.

Purposive Samnling can overcome sone of these shortcomings of random

samples throurh selectins observations covering the largest possible area
of Stage II of the production surface, urposive samplinc thus apnroximates

closely the design of controlled field experiments where observations over
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Fige 9 Typical Distribution
of the Sample Cbservations
in the Case of a Random-
ly Chosen Sample

xi

Fige 10 Typical Distribution
of the Sample Observations
in the Case of a Purposi-
vely Chosem Sample
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the entire production surface can be obtained, In addition, purposive
sampling increases the variance of the in<ependent variables; thus, a tend-
ency to reduce the errors of the regression coefficients exists, The reduc-
tion of the inter-correlation among the independent variables which can be
effected through rurposive sampline is another positive feature of this type
of sample design. Figure 10 illustrates such a nurposive sample design,

A problem common to all sampling desiens is that of finding enough farms
which are on the same nroduction function. For this reason, restrictions re-
lating to the equality of land quality, equality of the types of milk produc-
tion, climatic and market conditions are usually imposed when the samples are
drawn. If these conditions are .et, it is safe to assume that the estimated
production function is intrafirm rather than interfirm.u In selecting a sample
of multiple enternrise farms, the same restrictions are apnlicable and care
should be taken that the farms throughout the sample are on the same produc-

tion function with respect to each enterprise,

6. The Cho

=
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itting Procedure

{

There have been discussions regerding the most evpedient approach to use

for fitting regression encations to non-exnerimental cdata. The »rincipal

cf: Bronni'enbrenner, Iiartin, "Frcduction I'unctions: Cobb-Douclas, Inter-
firm, Intrafirm," Zconometrica, Vel, 12, January 19y, pp. 37 fi, Bronn-
fenbrenner's argument is that the Cobb-Dourlas function is an interfirm
rather than an intrafirm function. His argument micht well have been valid
in those cases where a function wvas fitted to data from different industries
throughout the United States Lccnomy. (cf. Cobb and Douglas, op. Cite)
However, since in apricnltural productlivity studiss contrels of the type
explained above are used in crawinz the sample, it is not likely that the
estimeted functions are interfirm functions,.







antagonists are the methods of single least squares and the simultaneous
equations technique the latter usin-s both the 1i ited information technique
and the reduced form methods, The method of least scuares has been applied
in all but one agricultural productivity studr, mainly because it requires
only two assumptions, namely that thc disturbance factors are normally dis-

5

tributed and uncorrelated with the regressors, It ras been rointed out pre-

viously that there are grounds on wrich it can be assumed that this assump-~
e ysps o O
tion is justified,

1 - h 3 7
The second method ras sugrested by iarschalt and Andrews’ and has been

W)

{

applied to agricultural nrocductivity studies by Burten French, ¥rench fit-

1

ted equations with both the least zquares method and the limited information
metrod, The cormputational methods used in the 1limited information method

. . o ~ 2 e 10
were those given in Pronnfenbrenner and Chernofi” and {nderson and Fubin,

The results obtained from trc limited information m-thod conpore unravorably

ck
=

with estimates obtained from sane data by the simple least squares re-

11

gression method, as far as the cconomic mcanine of the estimates is concerned,

L]

Wold, Herman and Lars Jureen, Demand ‘iral:rsis, Ilieir York: John “/iley and Sons
Inco, 1953’ po 560
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Marechak and Andreuws, op, cit.
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French, Burton, o=, cit.

9 Bromnfenbrenmner, Jean and 'wrmann Chernoff, "Commutational Ifethods Used
in Limited Information Treatment of a Set of Linear Stochastic Difierence
Equations", Cowles Commission Discussion Paner: Statistics: lo. 328,
Cowles Commission for “esearch in Zconomics, University of Chicaro,
Chicago, I1linois, rebrurary 22, 1949.

10

Anderson, T. "7, and I, Rubin, "The asymmtotic Froperties of lstimates of the
Parameters of a Zingle icuation in a Complete 3ystem of “tochastic Zquations,
Annals of Mathematical Statistics 21: pp. 570-82, 1950,

11 .
French, Burton, op. cit., p. 58.
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The choice of the method of sim-le least sauares in this analysis is
only incidentally in agreement with French' conclusion since one empirical
application can not establis™ the superiority of one method over the other,
Rather, the choice has been made on the basis of the treatment siven the sub-
ject by %Wold and Jureen which, after comparing the various apnroaches, con-
cludes that simple least sovares regression is still the most efiicient

method since it can be erployed with a minimum of assumptions,
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CHAFTER V

DISCUSSION OF vz DATA USED

FOR THZ EIPTRICAL PART

Since no detailed input output accounts for multiple enterprise farms
are compiled in Michigan it was necessary to obtain data elsewhere in order
to apply the foregoing analysis,

Among the experiment stations keepine detailed enterprise innut - out-
put accounts, Tllinois had information which was well suited for the purposes
of this project. To set up a oquestionnaire and obtain the data here in
Michigan through a sample survey would have involved excessive costs in view
of the exploratory nature of the study. Furthermore, farmers can not be
expected to remember the reaquired detail on how much of each invut they used
in each enterprise durinc the past vear,

The Tllinois detailed cost account nroject is part of the much larcer
Farm Bureau - Farm Management cost account pvreject and uses data from rulti-
ple enterprise farms only. The project is moved evcry cecond year to a dif-
ferent area of Illinois. The number of farms studied veries between 30 and
50; however, not all of these farms have the same enterprise combinaztions,

In choosing one area to use for the empirical part of this ctudy it was
necessary to select a sample area which had a large enough number (at least
25 - 30) multiple enterprise farms with the same enterprises on them, was
not subject to unusual weather conditions and had anproximately the same

types of land,



The 1950 data from the Blackhawk areal appeared to meet these condi-
tions. In this area, finarcial and production records were kept by 37
farmers, 27 of which were deiry-hog fammers, These 27 dairy-hog farmers
constitute the sarple which was used in this analysis,

On the average, these farmers derived L6 per cent of their gross income
from dairy sales, 36 per cent from hogs, 3 ner cent from poultry and 13 per
cent from feeds and grains sold for cash while 2 per cent came from vwork
off farm and miscellaneous receipts.g Thus, the 27 farmers in the sample
derived 89 per cent of their total crecss income from the hog and dairy enter-

prises,

A, The Organizaticn of the 2ecords

Fach cooperating farmer lept separate shects for each of the enter-
prises on his farm, A fieldman s pervising the project helped the coop-
erating farmers in surmorizins the indivicual entries, A summary sheet
Wwas prepared annually by the "miversity of Tllinois,

Most of the entries in the input and investment categories met the

requirementc of nput classificaticon cutlined in Chapter TV; the entries

1)

which had to ke adjusted were mostly ervense items ivhich included nenpro-

ductive errenses such as taves, depreciation, interest and similar items,

—~

Be The uncticons rhich were Fitted from the Data

Following the theoretical armiments outlined in the nrevious chapter
it was declded to [it threc independent functions one for dairy, one for

hogs and onc for the crop enterprises., To rermit 2 more extended evaluation

1 . . -
The Elackhawk area includes Carrcl, Jo Davicss, Ogle, Stephenson,
hiteside and "Fnnebago Counties.

2

A table showing the distributicn cl income b+ sources is included in
Appendix B,






of the suggested procedure namely that of fitting individual enterprise
functions, it was decided to fit cne acgregate Zinction to data from the
entire farm and compare the results with those obteined from the enterprise
functions,

Regarding the crop functicn, it was assumed that the aggregation of
data from various crop enterprises would not increase the intercorrelation
among the independent variables as the major crop enternrises on these farms
are on approximately the same prodvction function. Thus, an agcregate function
might still permit valid infercnces about each narticular entervrise includ-

ed in the crop function.

11

1, The Variables Tncluded in the Twe Livestock ™uncticns

(Xl) Dairy Gross Inccme was used as the derpendent varisbles in the dairy
function., It is determined in the Illinois Tetailed Cost Accounts by sub-
trocting the stum of the onening “nventors and purchases from the sum of sales,
closinz inventory and valus of dairy arnimals and dairy nroducts consumed by
the household or fed tc hors. The dair: enterrrise is also credited for the

, , . . 2
manure procducec by the animals,-

(Xl) Hog Gross Income was veed =5 the dependent veriable in the hog

function, It is determ'ned 2nslogouslyy to the determination of ~ross income
in the dairy enterprise b cubtrecting the sum of the ocnening inventory and
purchases from the sum of sales, closing ‘nventory and valve of pork consumed

by the household,

This definition of Dal rv Cross Tncomc is taken from Detailed Cost Report
for Northwestern Jllincis, 1949 and 1950, Department of Agricultural
Economics, University of Illinois, Publication (AL2871) Anril 1952, p. 17.







The following variables were considered as independent and causal
variables in the analysis,

X2 Labor, The Illinois cost accounts give "direct" and "indirect"
labor hours spent in each enterprise, "Direct!" labor includes time for
milking, feeding and caring for the animals while "indirect" labor includes
time spent in repairing barns, milking equipment etc. For the purposes of
this analysis "direct" and "indirect!" labor hours were added tec obtain the
total amount of labor hours used in each of the enterprises, Although some
of the "indirect" labor is ucsed in repairing investment items such as barns
and should properly be added to the appropriate investment categories there
was no possibility of malding appropriate subtractions to eliminate this
type of labor from the indirect labor categories.

X, Feed., Since feed is one of the most important invuts both in the

3

dairy and hog enterprises feed expenses were cseparated from other expenses

and the MVP of feed was e stimated separately. The total value of the feed
fed (both home grown and purchased feed) is included plus a 13 cent charge
for each day the animals were pastured.

Xh mxpenses, "Fowrer and Machinery ixpense', "Equipment Expense",
"Building Lxpense', "Cash and other lapence', "Interest on Investment! and
"General Farm Lxpense" are iltems which are classified as cash expenses in
the I1llinois as well as in most other traditional farm accounts. Since not
all of these items can be considered productive inputs for the purposes of
productivity cstudies machinery and ecuipment expenses as ‘given in the Illinois
records were adjusted to eliminate the depreciation charges. The adjustment

was made on the basis of the depreciation rate used by each individual farmer

for his machinery. "Ruilding ixpenses" were excluded entirely because they
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consist mostly of depreciatiocn charges and/or expenses for improvements
which are properly classificd as building investments since they prolong
the 1life of the b:ilding, "Cash and Other Lxrenses" were included while
"Interest on Livestock Investment and "General Farm Lxmense!, the latter
including such i-ems as taxes, marazine subscriptions etc.,, were not in-
cluded. It is believed that the resvlting fisvre for cash expences re-
flects more closely the actuel nrocuctive cash expenses incurred in the

different enterprices on these farms,

X5 Machinery Tnvestment, Determination of llachinery Investment in
each enterprise was not particularly difficult since the Illinois cost
data list each machinc =nd ite value in the machinery inventorye.

Only beginning inventories have been vsed Tor this ctudy. In two
cases where new tractors were boucht during 1650 aprronriate credits
were made., The values of the individual machines were talen from the ac-
count data at the beginning inventory value stated for them. This proced-
ure was followed for all machines except tractors which ucre »riced on the
basis of the used tractor value stated in the Farr Tmrlement Bluebook for
19505. Admittedly these values are not entirecly accurate becauce the actual
value of one and the care tractor type varics fro- farm to farr depending
upon the machine's condition. Illevertheless it is believed that t is value

is closer to the actual value of the machine since it is not based on a

preciation rate.,ermploved by rost farmers in determining ti S
constant depreciation rate.erployved by st farmers in determining the values

Appendix C shows formally how theese acdjustments verc made.

Jational Tractor and Farm Implement Bluebook, Chicaro, Hational Market
Reports Inc. Publisher,







of their machines for purposes of taxation, Dectermination of the share
of the tractor investment in each enterprise was done on the basis of the
number of tractor hours used in each enterprise, GCeneral farm equipment,
i.e. items which were not separately listed, werc alse apnortioned on this
basis,

Silo and silo equinment was included under "Dairy Zquipment'", TIences
and water systems were arnortioned on the basis of pasture days which were
consumed by dairy cows and hogs respectively, No fencing charges were made
for crops., Tilage was charged to crops only,

Xé Livestock Investment, Livestock investment was determined on the

basis of the beginning inventory value of the animals plus proportional
allowances for animals sold during the year less proportional charges for
. 6 . . o :

animals bought, o charges for forare investment were made since the value
of "Pasture Days" consumed was included in the feed variable,

X7 Housing. TFollowines 2 sugeestion made by ”agley7 it was decided to
circumvent the difficulties of »nricing farm btuildings by using physical
capacity meacures, One dair;” housing animal unit was defined as 1500 cu,. ft.

This includes space requirements for one mature dairy cow pnlus rcplacement

. 6
and storage srace for a one vear supply of feeds for the animals, The

) If a cow was sold in Tebruary at 300,00, 10/12 of the becinning inventory

value of this cow was cubtracted from the livestock investment, TIf a cow
was bought in July a2t 300,00, 6/12 of this wvalne, 7150,00, was added to
the livestock investment.

7 Wagley, R. Vance, Marginal Productivities of Invectments and Txpenditures,
Selected Ingham County Farms, 1952, pn. L5-L6, TUnpubl, .S, Dissertation,
Michigan State Collecge, 1953,

This estimate of the space requirement is based on Farm lancgement Facts
and Figures, Department of Acricultural “conomics, Iiichigan State College,
1953, pp. 68-69,
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dairy housing available on each farm included in the study was !mown in terms
of cubic feet of barn space. For hog housing no physical data were available,
consequently the values of permanent and temporary hog housing as indicated

in the building inventory had to be used.

2e The Variables Included in the Crop Tunction

It was pointed ont ecrlier that it is nossible to fit an apcrecate
function to a number of enterprises if t ese enterprises can be assumed to
be on approximately the same production function and if the aggregation of
inputs from several enterprises does not cance the intercorrelation among
the independent variables tc increcase., This asswmtion was made for the crop
enterprises on the 27 farms and inputs as well as outputs from each crop
enterprise were aziregeted and one functionwas fitted to them, Almost all
of the farms in the sample raised corn (both grain and silage), oats, and
legumes as their major crops., Other crops were soybeans, barley and wheat.
Pasture was not included in the function because no input data for nermanent

pasture were available,

The following variables were included in the crop function:

Xl Gross Income from Crops., The yields obtained in each enterprise
were multiplied by the appropriate prices twhich were stated by the farmers
in the sample to have prevailed in their marlet., Thus all crops were valued
at market prices.

The following variables were trerted as independent (causal) variables:

X2 Labor, As in the case of livestoc!” the records indicated the num-
ber of labor hours which were used "directly" and "indirectly" in each crop

enterprise, The total amount of labor uced in all the crop enterprises was

thus easily obtained throush addition.
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X, Land, Land was weasured in acres rather than in ronetaryv terms.
3 o

The total number of acres in crops was obtained by adding the number of

acres used in each enterpricse, It should be pointed out here that not

all land was of the same cualitv. Thus the resulting "VP estimetes apvly

-

to the average quality land incluced in the sample.
Xh Expenses, PRegarding crop expenses considerable adjvustments were

B}

made in the original data by an-lving a "derreciation Tactor" to eliminate
machinery devreciation fro~ the exnence cotesories. Building expenses and
general farm exrense “rere left out entirelr beceuce theyr contein mostly de-
preciation charges or nonrroductive cymenses such as taxes, interest charges
and magazine subscriptions,

XS Machinery Investnent, Thc volue of cron machinery and equipment

had to be determined on the basis of the values given in the machinery in-
ventory since neither ace nor make of these machines were !mowm to nerrit

the use Farm Irnlement “luchooks in determinings their values., The values of
tractors on the other hond Tor wich this information wvas available were

determined with the hcln o7 Tarm Trolement TSluebools, The crop chare of the

tractor was corouted on the breis of the number of hours the tractors were

used in crops,

« The Veoriobles ‘ncluded in the Lcocrerate Yunction.

(8]

.

In order to furnish an additional hasis for an evaluation 27 ihe in-
dividval entervrise Tunctions 51 wes decided to fit an acrrecete function
to data fron all the enternrises on the 27 Tarme.,

In thie agrrecate function (Xl) was need zg the derrdenl veriosble., Tt

l-coue rieeived Iroew dairy, income received

represents grosc ‘ncecnie Fricly
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fro~ hogs and iicomc received from cask croo sales,

The fecllowing varickbles were treated as independent in the apgcrezate
function: (X,) labor, including all the labor hours spent "directly" snd
"indirectly" in dairy, hogs and the various cron enterprises; (X ) land,
measured in acres and includinz all crop acres used in producing feed and
cash crops (pasture acres were not included since no inut - output date
were available for pasture; a pasture charge was made, hrowever, under ex-
penses) ‘h) cash expenses, includin~ 21l »roductive cash exmenses in
livestock and crops, feed ourchased and pasvure consumed but not feed pro-
duced on the farm (non »rolvetive ee~srs o-clrded inclnde, taxes, insur-

ance, and depreciatic n); ((1)) rmoec) fncr inve cirent, including the value of

A28

machinery and equipment used in livectocl: end crop enterprices; (Ké) livestoclk

investment including deirvr cows, bulle and breeding tore, (K7 barn svace and

1

space in permanent hc~ housine, meacured in dairy housing anirmal units; since

no physical data for ~ousianc were aveilable in the case of hons the building

inventory value indicated for hozs waes converted to cairy housing animal

united using the rate of 1 Houeing Anirmal “nit = j03.00, %his is the rate

v

~

ment cogt of one dairy housing

[on
job]
(€]
-
—
@®
®
[,’\
=t
C
=
|_J .

- O .
which Wagley” determine

animal unite.

5

2 - .
7 Vagley, i, Vance, op. cit. n. &2,
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CHAPTIR VI

INTERPRETATICN OF FOUR FRODUCTION FUNCTICIHS TITT=D TO TNTERPRISE
TNPUT=-CUTPUT DATA FRCM 27 DAIRY-HOG FA:LMS TN
MORTH.ESTERN TILLINOIS

The present chapter examines results obtained from the statistical
analysis of input-output data from 27 multiple enterprise farms in north-
western Illinois, Tour separate functions were fitted, one for the hog enter-
prises, one for the dairy enterprises, one for the combined crop enterprises
and one aggregate function for the entire farm,

In Part A of this chapter, the regression coefiicients from each func-
tion and their economic meaning are discussed inderendently of the other
functions fitted, In Part B the functions and the regression coefiicients
for like factors are compared, Inter-enterprise comparison of coefiicients
is the method by which the firm is brought towards internal adjustment., IT
each factor is used to equal advantage in the various enterprises, a maximum
profit from a given amount of resources will be achieved,

In Part C the results obtained from the individual enterprise functions
are compared with results obtained from an agcregate function in order to

evaluate the methodolosy suggested and employed in this thesis,
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A, Inter-Enterprise Comparison of iegression Coefficients

and liarginal Vglue Productivity Estimates

&

1. The Hog Function

a, The regression coefficients and the VP estimates, The function fit-

ted to the hog enterprises of the 27 farms included in the sarple yielded the
regression coefficients and marginal value productivities, estimated at the
geometric mean, indicated in Table T,

The regression coefficients reported in column 2 of Table T are the
elasticities of gross income with respect to each of the six inputs or in-
vestments which were used as independent or explanatory variables in the
regression analysis.l “ach one of these coefiicients indicates the percen-
tage change in rross income associated with a one per cent increase in the
independent factors, Thus, if the feed input in the hog function were in-
creased by one per cent, the hog output wonld be expected to increase
.702017 per cent,

S

The areas under tile normal curve corresvonding to the "t" values in
colum 3, indicate the proobability with uvhich it can be assumed that regress-
i;n coefficients obtained from 2 different sample of the same population would
be as large or larger than the estimated regression coefiicient if the true

population coefiicient were zero, Thus, a "t" of ,066780 indicates that a

regression coefficient as large as or larcer than 005018 would be obtained

1 . . . , , . . . .
The following is a simple procf that the recrecsion coefficients in the

Cobb-Douglas function are the elasticitics of ~ross income (Y) with re-
spect to the independent variable (X;):

let AYX“ LAY since AY b; I
et e = = o o . = (TP, = it [ ha
m YA;;; A Xi 7'P ___l_ it follows that
.lc. l
i
o - X-biET o
= b
v oX 1
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TABLE I
REGRESSION COEFFICTENTS AND MARGTNAL VALUE PRODUCTIVITY ESTIMATES
OBTATNED FROM A COBB=DOUGLAS FUNCTICON FITTED TO HOG
ENTERPRISE DATA FROM 27 ILLINOIS FARNS, 1950
(1) (2) . (3)

Production Regression coefficient t value MVP at geometric
factor mean
Labor (hours) .005618 X ,08l127 066760 Mean  ,OL53

Upper .72L5
Lower -.6338
Feed (dollars) .702117 £ ,131202 5.353706 Mean 1.0087
Upper 1.1970
Lower L8203
Cash +
expense (dollars) .106413 = ,083L7L 1.274L60L Mean 2.6426

Upper 11,7100
Lower ,5696

Machinery (dollars) .039136 £ ,053057 + 743276 Mean 1.3693
Upper 3,2113
Lower -.4730

Breeding

invests (dollars) -.059265 % ,097410 .608L08 Mean -.3Li43
Upper ,2216
Lower -,9103

Housing (dollars) -.0028L8 ¥ ,018586 .15323), lean -,0875

Upper ,U4839
Lower -,6591
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in 95 out of 100 cases if functions were fitted to different samples from
the same population and the true population regression coefficient were zero.

Of greatest interest are the marginal value productivity estimates re-
ported in column l, The MVP's are a direct function of the bi and indicate
the return which might be expected from the last unit of each of the inputs
used in the hog enterprise, ceteris paribus, The marginal value productivi-
ties reported here are estimated at the geometric mean of gross income and
the inputs in the sample, Upper and lower confidence limits for the MVP's are
computed to correspond to the upper and lower confidence limits Tor the re-
gression coefficients.2 It should be mentioned that MVP's can be estimated
for any size of the input and output. For purposes of estimating MVP's for
any particular farm, values of ¥ and Xy appropriate for this farm have to
be used. Such a comparison reaquires (1) that the farm be within a proba-
bility distribution about the same production function as the farms in the
sample and (2) that the data are not outside the range from which the func=-
tion was estimated.

The "t" values in column 3 indicate that the regression coefficients
for labor, machinery, breeding investment and housing are not significantly
different from zero at the 68 per cent level, The relatively large standard
errors are cavsed mostly by large intercorrelations of these variables with
other independent variables,

The MVP estimate for labor at its geometric mean indicates that this

factor returned about 5 cents per hour., This MVP varies from between 72 cents

2 The upper and lower confidence limits of the MVP are computed using
[6; 0l
MVP = T .
i
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per hour when estimated at by +G"b2 to =63 cents per hour when estimated
at bo -Csz o« Obviously the mean estimate is very unreliable, The situa-
tion is similar for the estimated [HVP's of Machinery Investment, Breeding
Investment and Hog Housing.

The regression coefficients of feed and cash expenses are significantly
different from zero at the 75 per cent level, The corresponding MVP's esti-
mated at the geometric mean are 1.0087 dollars for feed and 2,6L26 dollars
for expenses, The MVP estimate of feed is not surpris‘ng since one wonld
expect 1,00 dollar of feed input to return st least one dollar, The estimate
for cash expenses indicates that at the geometric mean a dollar spent would
return 2,64 dollars. Several factors aside from actual productivity of cash
expenses on these farms might have caused this relatively large MVP; the
following two appear to be the most likely causes: (1) the amount of cash
expenses other than feed is relatively small in the hog enterprise, therefore,
small errors in computing this figure might have afiected the MVP estimate
considerably, (2) Cash expenses (Xh) are very highly correlated wi th both

feed (XB)’ ry, = .85, and labor (XZ)’ Ty, = .68, and might thus reflect some

2

of the earnings of these categories,

b, Testing the regression coefiicient against regression coefficients

which would yield minimum MVP's, The only test of regression coefiicients

discussed so far tests the bi against zero. A more meaningful test from an
economic viewpoint compares the b; of each input or investment against a

"standard® bi*, capable of yielding a minimum or reservation MVP, The stan-
biE(Y)
—_— for b; after

1

dard by is obtained by solving the equation MVP =

the required minimum MVP has been determined, The MVP's assumed to be mini-
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mum expected returns of inputs and investments in hog enterprises on northern
I1linois farms are given in Table II, column 1,

The resulting bi* necessary to yield these MVP's on Illinois hog farms
are indicated in Table III, column 3., In column 4, the estimated bi is sub=-
tracted from bi*. Column 5 indicates the size of this difference in terms
of the standard error of the bjes Column 6 indicates the probability with
which the bi* would be expected to assume that or any value farther away
from the estimated bi if the latter were the true population regression
coefiicient, It appears from this test that when compared at the geometric
mean only the regression coefricients of labor and livestock investment are
significantly lower, at the 68 per cent level, than the corresponding bi%
yielding a minimum MVP, Consequently, it is concluded that a reduction in
the use of these two in—uts in the hog enterprise could be suggested,

While the farms appear to be in relatively rood adjustment with respect
to the remaining inputs if the comparison is made at the geometric mean, this
does not necessarily hold for all the individual farms in the sample., Con-
sequently, individual farms have been selected and their organization has
been compared with an organization which would yield minimum or réservation
HVP's for the various inputs and investments. Table III a makes a compar=-
ison using a farm whose hog enterprise appeared to deviate considerably
from the scale line adjustment. The regression coefficients of labor and
feed in column 1 appear to be significantly lower, on the 80 per cent level,
than the bi* necessary to return a minimum MVP for these two inputs, indicat-
ing that too much labor is used and too much or too expensive feed is fed to

hogs on this farm,



MVP!'S FOR VARIOUS

TABIE II

TWPULS AND TnVESTIMENTS WHICH ARE

CCNSIDERED MINTHUM EXPECTED RETURNS OR

RESTRVATION PRICES TN ILLILCTS, 1950

Input or investment . (1" (2) (3)
category . Hogs Dairy Crops
Labor : 5200,00/month * 3200,00/month : $200.00/month
b= Th¢/mour i = Th¢/hour P = 7ug/hour
Land (acres) % emeee 1 e D639 = Ulu.SOl
per acre
Feed (dollars) 1.00 B0 R ———
Cash
expenses (dollars) 1,00 1.00 1.00
Machinery
invest, (dollars) 207 20% 209
Livestock
invest, (dollars) 50% 359 - L5%  meeee
Housing (dollars) 5l - 89 5o o 8¢ ————

This figure is based upon an average lan” walue of ;223.00 for the sample,

Source:

Illinois Schedule of Land Valuesby Soil Productivity Ratings,

Department of Agricultural Economics, University of Illinois, 1952,
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TABLL I3

STATTSTTICAL COI'PARTSCL BLTVIL THE by TTSCIS AKY TO YIELD A 1T07T000 1VP

A POORLY ADJUSTED FARM IU0 THE SAMPLY AVD T SSTIIATID by

-

DATRY LNTZRPRISE, 1950

H : i : : :
: (1) : (2) (3) : (L) : ) . (6)
Input or investment IVP : &ostimated : . : : o :
categor:: : b . O b, ¢ Dbyr o lin (by=bel: | b,-by3 [+ Areo
: : : + IVE : : = : under
: : : : : : < 5 ¢ normnl
: : : : s B :  curve
Labor (hours) .03 w L005610 ;  .o8h127 . .11520L - 7L L100506 . 1,202628 . Q07
Feed (dollars) L00 J702L17 ¢ J121202 ¢ 876725 - 1,00 - ,17L300 0 1.3282L6 627

xpenses (dollars) 1,65 L106L13 - L00°L7h . L06L21l 1.00 - LOLPPO2 - LEOSE70 - Lo~

lachinery (dollare) .02 029h36 052057 ¢ L008866 .20 - 030870 : 561827 Ll
Breeding inv. (dollars) =-.39 . -.059265 - .097410 : .O7L696 .50 - ,133961 . 1.,375228 - Ol

B

Housing (dollars) -.10 : -.0020L5 : ,010506 : ,00196L .07 004812 - .25600L - 207!

T
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The foreroing anal:sis sugrests that comparisons —ade at the zer netric
mean do not pecessarily rive reliable information regarding the adjustments
of individual farms or the statistical znd economic si-mificance of produc-
tivity estinates at the reometric meanj; houwevern a statistical comparison be-
tween the MVP's on a particular farm and minimun or reservation MVP's showed
significant differences with respect to a niumber of variables for which the

ES

comparison at t he ceometric mean sucrested no serious maladjust~ents. Thris
result is not surprisinc if one considers that the farm at the geometric mean
taken from a moderately revresentative sarmmnle shouvld he erpected to e re-

latively well adjinsted,

c. The errors of *the rerrescion line and the coefficients of rwltivle

correlation and deterrination, Regarding the error of the regression ecua-

.

tion and the relationshirs betweon dependent and inderendent variables, the

following quantities have becn cormutes:

The standard error of estirate Sl olg6y Tas corputed to 066573 which
. Ly -

indicates in logarithms the size of the standard error of hog outout then

A
estinated from the independent varizbles £2,....,K7.’ Lipressed in natural
numhers, this measc thet the probabilivy th-t the mean of the true poou-

3 I N
lation incore falls ic ihe interval ©4,043.10 to 36,73L4.00 is .68, The
geometric mean of Xy in this sample vas 15,645,850,

The adjusted coefficient of multiple correlation Ry 03),56772S . 0506382 while
Hdoe 4]

—21 2;bﬁ67the Coefficient of Multiple Determinatiocn was .903796 indicating

2 Ixekiel, Mordecai, llethods of Correlation Analysis, New York: John tiley

and Company, Second Zdition, 1953, p. 200.
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that 90 per cent of the varistion in the derendent variable Xl is associated
with variations in the independent variables Xp,e...,X7.

An evaluation of the hog function with the aim of making specific recom-
mendations to the farmers included in this sample or to farms working under
similar production conditions suggests that the famms are relatively well
adjusted as lonz as the comparison is made at the geometric mean., Only the
productivity of labor is significantly below the wage which has to be paid
to a worker in agriculture., If, on the other hand, indivicdual farms are
investigated regarding their organizations it appears that a number of farms
could be found whose organization deviates considerably from an optimal one.
Consequently, it shoulc be errhasized that in evaluating Cobb-Douclas pro-
ductivity estimates comparisons of individual ferms reveal more than com=-

parisons made at the geometric mean,

2. The Dairy Function
A function using the same incevendent variables as the hog function was
fitted to input-ocutput data Zrom the Zziry enterprises of the 27 farms includ-
ed in the sample., The only major difference between the two functions was
that dairy housing ¥& neasured in physical terms while hog housing was meas-
ured in terms of itfs inventory values indicated by the farmers,

a. The regression coefficients and the VP estimates, The regression

coefficients which were obtained for the variables Xp,ee..,X7 as well as the
marginal value productivities, estimated at the ;jeometric mean, are presented
in Table IV, The area under the normal curve corresponding to the t values

in column 3 indicates the probability with which it can be assumed that re-






ToBLE IV

REGRESSICN COEFFICIENTS alD 'wRGTNAL VALUE PRODUCTIVITY

ESTIMATES OBTATINED FROM 4 CCB3-DCUSLaS FUNCTION FITTZD

TC DAIRY ENTERPRISE

DaTa FRCH 27 ILLINCIS FARS, 1950

(1) (2) C0) ()
Input or invest- Regression : Marginal value
ment category X roefficients t values rroducts

' : Mean 6367
Labor (hours) 221717 + 141106 ° 1.571280 Upper 1.1240
) Taver .2L99
) lean 1.0187
Feed (dollars) JT30L6L + .192L97 . 3.79L662 Upper 1.282¢%
' Lower <TL78
Mean - .1ho7
Cash expense -.014L169 + .1504Lh3 .0911.82 Upper 1.3532
(dellars) Lower -1.63L46
Mean 4310
Machinery .0616L6 4+ 096077 .Ah1631 Uioncr 1.1026
(dcllars) T.ower - .2Lo7
Livestork Mean .0245
investment .009030 + .078352 091312 Upper $2922
(dollars) ower - 2433
Yovusing . Mean 2L.6796
(dairy nousing , .125801 + .123098 .982068 Upper 49.8100
animal units) , Lewer - .L500







gression coefficients obtained from a different sample of the same pop-
ulation would be as large or larger than the estimated regression coefficient
in column 2 if the true population coefficient were zero,

The marginal value productivities estimated at the geomectric mean are
reported in column L, Three values of the VP are computed, one at the
mean value of the regression coefficient b;, one at bi +Gﬁg_representing
the upper limit and cne at by ~-Gby, representing the lower limit, The
choice of plus and minus one standard deviation for computing the upper and
the lower limits respectively is quite arbitrary, If a 95 per cent rather
than a 68 per cent confidence interval is desired the lower and upper limits
would have to be recomputed at plus or minus 1.96(;bi.

The regression coefficient of l-bor is significantly different from
zero at the 88 per cent level owing to the relatively small error associated
with the estimate, The MVP of labor in dairy estimated at the geometric mean
is 69 cents per hour or 186,30 dollars per month,

The t value of 3,79L662 associated with the regression coefficient for
the feed variable indicates that this regression coefficient is different
from zero at the 99 per cent level, The VP of this input estimated at the
geometric mean indicates that one dollars worth of feed returns 1,02 dollars.

The only other regression coefficient significantly diflferent from zero
is that of dairy housing, The "t" valve of .982068 in column 3 indicates that
a regression coefficient of ,125601 or lerger would occur in 67 out of 100
cases if functions were fitted to different samples from the same population
and the true population coefficient were zero, The MVP of housing estimated

at the geometric mean indicates that one "dairy housing animal unit" returns
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2Lh.68 dollars, Assuming that the replacement cost of one "dairy housing
animal unit" is about 100,00 dollars, this MVP would correspond to a return
of 6 per cent on the investment in dairy housing. The estimated percentage
returns would increase correspondingly as one lowers the value of one hous-
ing animal unit to adjust for the age and condition of the buildings, The
regression coefficients for cash expenses, machinery investment and live-
stock investmenht were not significantly different from zero as large errors
were associated with these estimates. Regression coefficients, "t" values
and MVP's of these inputs are indicated in columns 2, 3, and L of Table IV
respectively,

b, Testing the resression coefficients against regression coefficients

which would -rield minimum MVP's., As in the case of the hog function, the bj

were tested acainst regression coefficients which would iield a certain
minimum expected VP, These minimum or reservaticn returns have been pres-
ented in Table IJ column 2 above, The bi* necessary to rield these minimum
marginal value products are presented in column 3 of Table V., Column L of
Table V presents the difference between the bs* and the sestimated bj. Column
restates this difference in terms of the standard error of the b;, The
area under the normal curve corresponding to this standardized diff'erence
indicates the probability with which it can be expected that a regression
coefficient which differs from bi by more than b;¥* - bj would occur if bi
were the true correlation coefficient for the population, It is seen that
onl& bg the coefficient of livestock investment can be expected to be sig-

nificantly different from bg¥* (at the 80 per cent level) which makes these

farms arpear to be well adjusted when they arc analyzed at the geometric mean,






T .BLEL V

CuTPARTSND DET LTI T AT by AT TR b, TTICESIARY TC BOUATE
- i
TP VIITI MRC, I TTE DAIRY EUTLESRISLE A
) Eey
SATFLE OF 27 UORTILRY ILLIT0IS PATT S, 1950
(1) L (2) (3) O B €
Tnput or invest- : Geometric nstiratec . Db, necescery, . . Arca under
rment catecory : mean b, . QOby . Ttoreturn | |bi-byx| , (b nd...x._ .normal curve
+ organization L - minirum 1VP - . _- .
" . . H R
Labor (hours) . 2396,20 . 221717 141106 . 238920 .017202 .12191¢% .10
Feed (dollars) : 5321.50 73000 .102L97 L717C 33 L01322 .069730 .06
Uxvenses (dollars) TL7.58 -.01)160 ool .100727 L111L696 .763717 .5¢
liachinerv (dollars) 1061..60 061606 .096077 .020600 .0320L6 243953 .27
Livestock invest- . 2740, 10 ~002030 L003552 .1h7770 126740 1.L03512 .8l
ment (dollars) .
Ilousing . |
(animal units) : 37.83 12800 .125098 .132530 .006720 .052530 Ol

LL






As before a farm whose organization arpeared to deviate considerably from the
scale line adjustment has been selected to determine if the sample regression
coefficient bi differs significantly from the b;* yielding a certain minimum
or reservation MVP on this poorly adjusted farm, The comparison is presented
in Table V a, and it indicates that on this particular farm the MVP's of sev=-
eral important variables differ considerably from the corresponding minimum
MVP's, On the particular farm which was chosen for comparison it appears
that the use of labor in dairy should be reduced while the use of feed, for
which the MVP is high, could be increased or more expensive feed mixtures could
be used, The MVP of dairy housing is significantly below the MVP which should
be expected from one dal ry housing animal unit suggesting that an over-invest-
ment in buildin~s exists on this farm,

Again the conclusion is reached that the analysis of individual farms
on the basis of the estimated production function reveals consideragly more
about the locstion of these farms with respect to the sczle line than do the
comparisons which are made at the geometric mean,

ce The errors of the regression line and the coefficients c¢f multiple

correlation and determination. The Standard Error of Tstimate 51.23&56?

was computed to be ,088679., It indicates in lorarithms the size of the
standard error of dairy output (Xl) when estimated from the independent
variables Xz,....,X7. txpressed in natural numbers this means that the
probability that the geometric mean of gross income in the population falls
in the interval $6050,90 to $9102,75 is .68, The geometric mean of gross

income in this sample was {7421.50,.






TABLE Va

STATISTICAL COMPaRISCN SETWIEN TUE by NACESURY TC YIEID A MINIMUM
MVP CN A POCRLY ADJUSTED FARM IN THE SiMPLE n¥D THE ESTIMATED by
DAIRY ENTERPRISEZ, 1950
: : L) : (2) : 3) (T N OO N N ()
Input »r investment : : LEstimated : : : + Area
zategory : MVP by i gy : bj¥* ¢ Min. : vdwncw*,“ Ndwucw* : under
: : : : : MVP ) : normal
: : : : : 3 : 1 : ~urve
Labor (hours) ; L6 221717 «1Lk1106 $357350 .Th ,135633 961213 66%
Feed (dollars) ¢ 1l.Lo .730L61 192497 .519750 1.00 ,210711  1.09L4619 72%
Expenses (dollars) v .10 - .01L169 .150L4L3 .1L8303 1.00  ,162972 083280 72%
Machinery (dollars) .05 .061.6L6 .006077 .073811 .20  .OLl7165 .178658 1.9
Livestock (dollars) .16 .009030 .098852 007951 L0 .0583921 .596052 LlE
Housing o
(animel units) : 529 . 125801 .128098 570259 24,00  LLLLS5S8  3.L696TL 99.94

6L
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The'Adjusted Coefficient of Multiple Correlation 51.23h567 was com-

puted to be ,87658L while the coefficient of multiple determination

-2

R, 23,567 Was «768L00, The latter measures the amount of variation in

Xl which was associated with the independent variables included in the an-
alysis. Again the omission of management, a factor which is very important
in dairy farming, might be a serious s ortcoming of the presently used input

classification., However, no satisfactory measure of management is available

so fare

3. The Crop Function
The function fitted to data from the crop enterorises of the 27 Illinois
farms is an aggregate function in the sense that inputs used in several crop
enterprises as well as outputs produced by them have been aggregated and one
function was fitted to the resulting data. Crop output (Xl) valued at merket
prices was the dependent variable, Labor (X2)’ Land (KB), Cash expenses (Xh)
and Machinery investment (XS) are the ex-lanatory or independent variables,

a. The regression coefficients and marginal value nroductivity estimates,

The regression coefficients which resulted from the crop function are indicated
in column 2 and the marcinal value productivity estimates are shown in column
3 of Table VI, The test against gerce indicates that only tw regression co-
efficients namely those of land md machinery investment are significantly dif-
ferent from zero at the 68 per cent level, The recression coefficients for
labor and expenses are not significantly different from zero indicating that

large standard errors were associated with these estimates,






REGPESSTON €O

TARLE VI
TCIRITS AVD TARGTHAL VA
OBTATIED ¥WRTI A COB2-DCTCLAS TN

81

CROP LUTLEZRTSE DATA TROM 27 ILLIVCIS TARIIS, 1950
(1) : (2) : (3) : (L)
Input or : Recrescion : : Marginal value
investment : coefficients : t value products
: : :
. ean L7162
Labor (hours) . 120762 L ,16¢021 STTRETT Upper 1,601
. Lower - 207G
; “ean 2l 6600
Land (acres) . JOZ2AE6-2 1)1 20  3,77L2h7 poer 12,6537
Tover 251328
lican L130F
Crop cipense J20077 T 218581 LEGG001 Upper 1.1616
(dollars) Lower . 2006
. ean .1820
Machinery L008L74 I ,007792 1,011130 Upver L36L0
(dollars) Lotver .0020
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b. Testing the regression coefficients against regression coefficients

yvielding a minimum IIVP, Again as done previously with the estimates of

the livestock functions the estimated b; in crops have been compared sta-
tistically with the corresponding bi* which would rield certain minimum or
reservation returns., These minimum returns considered zpplicable for crop
farms in northern Illinois in 1950 are indicated in column 3 of Table TII
above, The resulting bi* necessary to yield such minimum [.VP's are indi=-
cated in column 3 of Table VII, The difference between bs* and by is
presented in column L4, Column 5 states this difference in terms of the
standard error of the bi’ Only the regression coefficient of land is signif=-
icantly higher than the bi rielding a minimum return sucggesting that invest-
ments in land of the quality fournd on ine averare farm in the sample can be
very profitable,

Again a farm has been selected whose crop organization appeared to
deviate from the geometric mean organization and the estimated bi have been
compared with a by yieldinc a minimum or reservation ilVP on this farm., This
comparison is presented in Table VII a, On the particular farm which was
selected the MVP of land is sienificantly higher, at the 98 per cent level,
than the minimum MVP expected for land in this area, indicating that an addi-~
tion of crop acres on this farm might be profitable. Recarding the other
factors, it appears from the t test that this farm deviates considerably more,
although not significantly at the 68 per cent level, from an ontimum adjiust-

ment then did the farm with the ~eometric mean organization.
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TABLE VITa

STATISTICAL COIPARTSOM N THE .GH TECLS . ARY T 1VP

Olf A POORLY ADJUST I THE SHPLE A

CROP LUTELPRISE, 1950

g @ (@ )y = (€
Input or invest- MVP ., Estimated : : [b, b * Area under
ment category i b, : Ob, . by (g L : normal curve
. bl N i i WvE o N
. : : ; g i :
Labor (honrs) .30 120762 166021 ,2L7360 7h . 711355
Land (acres) 37.12 532656 JAl112e 205079 1h.50 .32L577  2.299860
Txpenses (dollars) L9 +123077 .218381  ,261533 1,00 122656 +60606):
Machinery (dollars) W0 020476 .097202  ,0L087L .20 057602 .591hhly

e
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c. The standard error of the regression line and the coefficients of

multiple correlation and determination, The Standard Irror of Lstimate

§1.é3h5 of .080566 incicates in terms of locarithms the size of the standard
error of crop output Xl when estimated from the independent variable X?"""XS'
A standard error of this size indicates that the probability of the true geom-
etric mean of the population gross income ialls in the interval 5,713.,60 to

$8,278480 is .68, The geometric mean of gross income in this sample :.6,996,20,

The Adjusted Coefficient of llultiple Correlation ﬁ1.23h5 was 832389
while its square the coeificient of multiple determination R21.23h5 turned
out to be 692871, The latter measures the amount of variation in Xl which
is associated with the independent varizbles Kg,....,XS. Tt is seen in this
case that 69 per cent of the variation in the dependent variable is associa-
ted with the independent variables in the analysis, The omission of crop
storage as an explanatory variable mirht have caused this coefficient to be
consideralbly below the coefficient of multiple determinntion of the other two

functions,
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B. Inter-Interprise Compariscns of Production

Fanctions and Recression Coefficients

Up to this point, the three production functions have been anal yzed in-
dividually and nothin~ has becn said about the possibility of shifting part-
icular production factors from one enterprise to ancther one or expanding one
enterprise in favor of another one. Since determining optimum inter-enter-
prise resource allocatiocn is one of the major purposes of analyzing multiple
enterprise farms, this cection will be concerned uit!: comparing the three
functions in ceneral and the merginal value productivity of like factors in

particular,

1. Compariscn of the Zlopes of the Froduction Tunctions

It has been nointed out in Cahpter II that for a power function such
as the Cobb-Douslas, the sum of the rogression coefficients determines
whether the function shows increasinc, constant or decreasing returns de-
pending upon vhether the £ b; is greater than, ecual to, or smaller than one,
For the cconomist, increacing rsturns to scale mean that each additional unit
of oroduction facteors Xg,....,Zn (combined in scale line proportions) returns
more than the nrevious unit. Increasing returns to scale must always be
uneconomical because they imply that some other rroduction factor not in-

. . - ) N

cluded in the analysis yiclds negative margiral returns. Constent returns
to scale mean to the eccnomist that each additional unit of production
factors Kpseeensly (combined in scale line proportions) returns the same

amount as the previous unit; in such a case profit -lso iIncreases uniformly,

Lerner, Abba P,, The Iconomics of Control, lNew York, the lacMillan Cormmany,

19Ll-7 £ pp o 155‘560
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Decreasine returns to scale —ean that each ~iditioson,l anit of »rocduction

Tactors o, eees, X (corbired in ecele line rrorortions) returns less than

ot

the previous unit., In acriculivre where the law of dixinishing returns is

exnected 1o come into nlo- fairl:r griclid:- *vir is the oplr part of the pro-

1,0 A . L)

duction functicn alon~ wfiich an enternrise thould e oneraied.

L

In order Lo nrove that a certain st of rocreerion coefficientsij% is
significantl: creater (smellr») than one, a test is reauired which deber: i
whether the s of the re-rescion cocfficients in a »narticular sarnle is

v

significantl:r larcer tian one, Olizir of IZchizan State

-

a test vsinc the T-statistic wrich perrits stotistical testins of “hefb.

-
by
arainst an constant C.” The test ag vell as Lre ro

adapted to the Doolittle mehor for cornutine muliinle linear re-~reocisms
are precente’ in Arnoerdiin D,

The test har been carricd out for ench Innetion, the sum o7 the

~ o ~ oL
T

recrecscion coefficients ne’n “octed craitst 1. ione o7 the svme of

resrescion coellicicnto trore ciconificatl:r dilfferent Trom cne. Tor the

dairr funetion iJ\ cras ool o 1,13LLCA, ke co voted T orotic wac

1.09229L which -ree belolr <o Troery (1,21 of 2,7 . Tor tic hor Tinehion
\ -7 )3 - /

h o - L -
VRIS EROLeX ithen tested arainst

the bs; wvas 791771, -he 7T 22bis was 207000 17

Lorred thet o or e - ~efficients oo +h
F( 90), (1,21) shoved thrd e ¢ o o rocrerilion cecefficients ol the

hog functicon is not significantl; AiT-rent from 1,

5 0lkin, Ingrem, "Uapublished renort abont a problem in
recrescion coefficicnts of lire~r multirle rr
constant", This rencrt ac been wode by tho
mathematics drparticent to Imofesror et T,

Aoricultural Lcononice, Tlich

.

K I (oK TSNR doen
Loon Shove Thmive: "71& .
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For the crop function £ by was .888772, the F ratio was .6982L8 indica-
ting that the slope of the crop function is not significantly different from 1,

Thus, it is cecncluded that constant returns to scale prevail for the
three functions included in the analysis,

In addition to testing the sum of the re-ression coefficients arainst
one the £ b; of dairy (1,134486) was tested azainst the £ b, of hogs (.791771).
The resulting F ratio was 7,093510 which indicates if compared with F(.95),

(1,21) = Le33 that the slope of the dairy function is significantly differ=-
’

ent at the 95 per cent level from the slope of the hos function.

2. Comparison of Individuai Estimates
It was shown previously that the reallocation of resources between en=-

terprises is complete when the ratios WMVP, / MFC are equal in the differ-
X3

Xy

ent enterprises,

Direct comparisons of [IVP's are difficult to make because the errors of
the regression coefficients and thus also the errors of the MVP's differ from
enterprise to enterprise, To circumvent this difticulty, it was decided to
assume minimum values for the marginal factor costs and then determine in each
function that bi* which would have yielded =a VP equating the ratio

MVPx / MFCX.. Using the t test it can be determined whether the estimated
i 1

bi is difterent from bi*. By this method, regression coefficients obtained

in several enterprises become comparable even though they assume different

absolute values and have diftferent standard errors attached to them,
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The comparison is carried out in Table VIII. Column 1 iists the various
production factors used in the three enterprises, Column 2 states the mini-
mum MVP which should have been expected on Iilincis farms in 1950, Sub-

column a, b and c¢ show the values for by, b;* and the t values for each of

i
the three enterprises. t values below "one" indicate tiat the by is not
significantly different from b; at the 68% level, Thus, when the comparison
is made at the geometric mean there are only two input categories which sug-
gest possible readjustment between enterprises, The first is the bi% for
labor employed in hogs which indicates that less labor should be used in the
hog enterprise, The second is the bs; for land in crops which indicates that
the application of land to grow crops is highly orofitable and shovld pro-
bably be expanded,

There appear to be two reasons why the foregoing comparison of regression
coefficients of like factors between functions did not sugegest many signi-
ficant changes. (1) The geometric mean organization of a sample of farms not
purposively chosen is expected to be fairly close to the scale line adjust-
ment, (2) The errors of most regression coefiicients were large causing large
confidence intervals for regression coefticients and marginal value produc-
tivity estimates,

A comparison of 1iVP's for one particular farm has not been undertaken,
however, it is ex ected that here too, several farms could be detected on

which significant inter-enterprise reallocations of factors would be required,

6

For detailed description of how these values are determined see Appendix E,
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Ce Comparison of the Three Enterprise Functions

with the Aggregate Function

In order to evaluate the methodology sugcested in this thesis (namely
to fit separate functions to individual enterprises) an aggregate function
was fitted which employed the input-output data used in the three enterprise
fits without regard to the enterprise with which they were associated, Re-
gression coefficients as well as other statistics were then compared with

those for the three enterprise functions,

1. The Estimates of Regression Coefficients and Marginal
Value Productivities in the Aggregate Function

Regression Coefficients and riarginal Value Productivity estimates at
the geometric mean for the aggregate function are presented in Table IX, The
regression coefficients in column 2 are the elasticities of gross income with
respect to each of the 6 independent variables listed in column 1, Column 3
lists the "t" values corresponding to each one of the regression wefficients,
Areas under the normal curve corresponding to the "t" values indicate if the
regression coefficients are significantly different from zero, The coeffi-
cients of land and expenses are s’ gnificantly different at the 95 per cent
level, the coefficient of labor is s:gnificantly different from zero at
the 838 per cent level while the coefiicient of livestock investment is sig-
nificantly different from zero at the 70 per cent level, The remaining co-
efficients are not significantly difterent from zero at the 68 per cent level,

The marginal value productivities estimated at the geometric mean in-

dicate that labor returns 70 cents per hour, land -.33.60 per acre, expenses






T4BLE IX

REGRESSION COEFFICIENTS aAlD MARGINAL V4ALUE PRCDUCTIVITY ESTIMATES

OBT.INED FRCM p CCB3-DOL

ACGREGATED D..TA ¥RCM 27 ILLINCIS

n

=

k)

m RS, 195C

LS FUNCTICH FITTED TO

1) (2) 3) (L)
Input or Regression iarzinal value
investment coeffirients t values produ~ts
Mean . 7056
Labor (hours) 223812 # .1h46651 1.5602LL  Upper 1.1579
Lower +253L
Mean 33.8006
Iand (acres) 25891k 4 .121502 2.130926 Upper L9 . 6626
Lower 17.9387
Mean 1.206%
Expenses .5C9587 + .175216 2.90833L Upper 1.7423
(dollars) Lower .8507
Marchinery “lean .200L
investment .075031 4 .09282L .80630% Unper 81
(dolilars) Lower - .oL73
LiV?Stoek ean 3309
investment 2110k22 4 .023060 1.126071 Jpper L7302
(dollars) Lower .0L36
— Mean 5.17L0
Housing .01LS%h + 087395 166992 Upper 36.1560
(@animal units) Lower -25.8085

b e




$1.29 for each dollar spent, machinery investment 20 per cent, livestock
investment 39 per cent and housing investment %5.17 per housing animal unit

which is equal to 1.29 per cent if one housing animal unit is valued aﬁﬁuOO«OO.

2. Comparison of Marginal Value Productivity Estimates in the Aggregate
Function with the Corresponding Lstimates in the
Individual Enterprise Functions

Table X ccmpares the 1IVP estimates obtained in the aggregate function
with the corresponding estimates in each one of the individual enterprise
functions., The coefficients of "expenses" are not comparable since this
variable in the aggregate function necessarily included feed bought while in
the livestoclk functions feed was considered as a separate variable,

With respect to the labor variable, the returns estimated in the aggre-
gate function are the same as those estimated in crops and dairy. However,
the low returns which this factor earned in hogs are not retlected in the
estimate obtained throush the aggregate function.

The returns to the land variable is the same in both the aggregate and
the crop function, ''he standard error of this estimate is considerably smaller
in the crop function indicating that the acgregation had a negative influence
upon the reliability of this estimate,

Returns to machinery investment vary widely in the four functions., It
appears that the estimate for this variable in the ageregate function is a
weighted average of the returns estimated for this input in the three individ-

ual enterprises,
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fnat the steepness ol the re-ression rurfaces 2 not the care. The dairy

L

function shows the least stecwress, the cron function the

the "a" valwe estirated for “he =crre ate T

netion world smield erroneons
results if ar»lied to crcps or hors,

The Standard “rroy of Lsrircte

of the azcrezation nrocesc,

The Adjusted Cocificients oi .uitinle Correlation Rl,23L747 nnd “ultinle

oY |

Determination o2),t'47 avoear to be nicner in Ythe accrecave Tunction than in the
. 2-0E £ ¢

dairy and the hy~ functicns they 2re, however, somevhat lower than the

.

unetion,

[

corresponding valucs in the hos

L

Trom this corverison, it is concluded thai, the acrrecation of data did
not affect the errors of the recression line which ioht also be the reason
why the errors ol the rerrescion coefficients in the ar re~ate function have

not increased conpared to “he correspendine coefficients in the individnal

eaterprise "unctions,



CHAPTER VIT

EVALUATTION OF THE METHODOLOGICAL AD mlPIRICAL
RZSULTS OBTAINED IU THE
FORBGOTING AVATLYSIS
The present chapter evalustes the results of the methodological and

empirical investigation in the licht of the major purvose for which the
analysis was undertaken, nemely to improve methods of estimatings resource
productivities of inouts and investments on multinle enterprise farms,

In addition to evaluvating the results, succections will be made regarding

areas which need further investigation.

R} 1

A, Svaluation of the Conclusions uweached in the Conceptual

Cart of the Analyesis

le Applicatiliti of wvarious ~ulti - eavaticnal eporoaches, The con-

central nort of e analvsic beran with the assumotion that it ic possible

to estimate oroductivities of produection factors in individuval enterprises
and sugrested three mlii - ecuational zporoaches, Their annlicabilitv was
made depencent mnon “the existine relationshing armone individval enterorices
on multiple entermrise farms, The three approaches were (1) a system of
equations solved by the method of sirultaneons ecuations, (2) a system of
equations in which each {vnetion is fitied indenendently to data from multi-
ple enternrice farms, and (3) a system of conations each one [itted to enter-

prises on speciclizing farms the results to be a~lied in individuel enter-

prises on rmultinle enterprise farms,
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The suggested approach seems general and does not appear to depend
upon the type of function chosen, Thus, if it were decided to use a func=-
tion which is different from the Cobb Douglas, such as the quadratic, the
same arguments would probably apply.

If the physical production functions on rultiple enterprise farms are
dependent upon each other approach (1) is the most appropriate one since it
would determine the functional relationship existing between production
functions of different enterprises,

If the functions are independent in a technical sense but different
from those on specializing farms, approache (2) is apvlicable,

If the utilization of bynroducts and existing external economies and
diseconomies do not influence the shape of the nroduction function on multi-
ple enterprise farms and thecse functions appear to be the same as the cor-
responding functions on specizlizine farms apprcach (2) seems to be the
most expedient one,

A detailed investicztion of the relationshirs among preduction functions
on multivle enterprise farms revealed that rost production functions can be
regarded as being teciinically independent and that apparent dependencies
caused by ecoromic factors and the precence of byproduct complementarity can
be resolved through accounting in phycicel units or constant dollar terms
and through appropriate azcounting procedures invelving charces and credits
made for byproducts utilized and produced on the farm. At the same time it
was concluded that due to bynroduct utilization production functions on multi-
ple enterprise farms should be exnected to be different from the corresponding
production functions on specializinc farms, Thus approach (2) fitting of in-

dependent functions to enterprise data from ~ultiple enterprise farms evolved
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on an a priori basis as the most appropriate method.

2. 1lethods of croupine outputs and inruts into categories, Since most

farms produce a series of outputs ond use a rreat number of different inputs
which cannot poscible be treated individuvally in a productivity analysis it
was concluded that grouping of outputs and invuts into meaningful categories
was necessary.

The investigation revealed that in ~eneral all products which are pro-
duced jointly, e.g., willc and calves, mutton and wool, or lean and lard, can
be grouped into one output category and treated as an individual enterprise,
Products which compete for resources should be treated as separate enter-
prises and should be analysed individually, ¥ith resovect to the combinations
of vertically integrates enterprises such as crops and hoss or crops and
dairy it was decided to depart from the traditional procedrres of fitting
one ageregate function to such a vertical chain of enterprises., In this
study, mainly in order to permit corparisons of the earning powers of feeds
and other in-~uts in crops as éompared to the livestock enterprices a separ-
ate function was fittcd to the major livestock enterprises and the crop
enterprices,

The question wras also investicated if it is at all possible to fit one
aggregate function to a rroup of enternrises even though these enternrises

compete for resources. Cn the basis of a theoretical analysis of this pro-

g

blem it was concluded that if the enterprises included in the argregate
function can be assurmed to be on the same production function showing the
same nature of returns to scale and if the arrregation of the innruts used

in the individual enterprises does not increase the intercorrelation among

the input and investment categories, velid productivit:s estimates for individval
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factors used can be expected.

Regarding the grouping of inputs into c ategories it was concluded that
the e stimates obtained from the Cobb Douglas analysis are unreliable if se-
parate regression coefficients were computed for individual inputs which are
highly correlated and should have been combined properly into one category,
Thus Bradford's and Johnson's suggestion to use that input classification
which keeps intercorrelation among independent variables low aprears to be

a useful guide l.

3e Methods of sampling and accounting procedures, The empirical

evaluation of the estimates revealed several important conclusions regarding
sampling methods and accounting procedures,

Most important among thece conclusions is that in order to obtain a
better estimate of the production functions it is necessary to use a pur-
posively chosen sample which would insure that a larger area of the production
surface is covered than if a raendom sample were used, Besides, the inter-
correlation among the independent variables would likely be reduced throurch
the use of this t pe of a sannle,

To reduce the amount of disturbances and to insure their independence
of the factors included in the analysis it is necessary that tight controls
on non-studied variables be maintzined when the sample is chosen., These
controls can be imposed by choosing farms whose land cuality, climate, milk
and hog production systems and market location are approximately eaual. The
dndependence of management from the variables included in the analysis can

be approximated by choosing farmers vhose managerial ability and intellectual

Bradford and Johnson, op. cite






habits are approximately the same,

Controls such the ones mentioned could not be imposed upon the sample
which was used in this analysis since it was necessary to take the largest
samnple of multiple enterprise farms with the same enterprise combination which
was availlable, Future detailed accounting projects which are set up with
the objective to be used for productivity studies should provide a controlled
sarnple in the sense outlined ahove,

It should be pointed out that the = rvey interview method is not likely
to be a successful way of obtaininc accurate enterprise inrut output infor-
mation since the farmers interviewed can hot be expected to remember enter-
prise inputs and outputs in sufficient detail, Conseaquently it is concluded
that farm accounts will be necessar; in order to obtain relisble information.

Regarding the accounting procedures vsed to obtain individual enter-
prise input output data the followring remerks appear relevant: The Tllinois
enterprise accounts give reliable information in the way they are presently
set up with the following exceptions: (1) The expense categories shonld in-
clude only productive expenses and not such items as interest, depreciation
and taxes, (2) Investments and Investment repairs should be kept &eparate
from operating expenses. (3) Physical measures of buildings including the

number of animals which can be housed should be given,

Be Zvaluation of the Conclusions Reached in the Empirical

Part of the Analysis

l. Comparison of an agrregate function with individual enterprise

(S

2 This suggestion is talien from e paper b;- Glenn L. Johnson entitled

Certain Classification, Accounting and Sampling Problems in Fitting
Production Functions to Farm Record and Surveyv Data, A paper precented
Conference on lesource Productivity and I'arm Size, Chicaro, I1l., Oct.
19 - 20, 195k,




103

functions, In order to make it possible to evaluate the suggested pro-
cedure, namely that of fittings individual enterprise functions, it was de-
cided to fit an aggregate function to the entire farm business and compare
the resulting estimates with respect to their statistical reliability and
economic meaning, On the basis of this comparison it is concluded that the
estimates obtained from the aggregate function did not permit valid infer-
ences regarding the profitability of factors in the individual enterprises,
For example the prcfitability of labor in the hogz enterprise was signifi-
cantly below the minimum MVP which should have been expected for this factor
while the aggregate function showed a labor return which was approximately
the same as the minimum VP expected for this factor. In general, MVP!'s and
other function characteristics such as the multiple regression coefficient
51-23h567’ the standard error of the estimate 51.23h567 and the sum of the
regression coefficients appeared to be weighted averages of the corresponding
estimates in the individual enterprise functions. Thus it apreared that

the method of fitting independent functions represents a sirmificant improve-
ment over the method of fitting one aggrecate function to the entire farm
business, This result uas anticipsted on the basis of the theoretical dis-
cussion of this tonic in the concentual part of this analysis.

2. Inter-and intra-enterprise cormnarison of individual productivity

estimatess A considerzble nart of the analysis was devoted to developing
methods with which productivity estimates could be evaluated both within

and between enterprises., The method of cormarison was to comrute a regression
coefficient which would :-ield a certain minimur or reservation MVP and using
the "t!" Tect, establish vhether this computed recression coefficient is sicn-

ificently different from the repgrescsion coefficient estimated for the function.
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The comparisons were made et the geometric mean of each function as
well as for individuel farms whose organization appeared to deviate from
that of the geometric mean organization., The conclusion was reached that
the comparison at the geometric mean revealed no serious maladjustments
suggesting that in this sample the organization at the geometric mean did
not deviate significantly from an optimum organization. The cormparison
made for individual farms evidenced very serious maladjustments on these
farms suggesting that this last tvpe of comparison should be given consid-

erably more weight in future evaluations of vroductivity estimates,

3. Conclusions re-arding the comparative efficiency of production

factors on multiple enterprise farms in northern I1llinois, Although the

principal aims of the thesis were of a methodolorical nature the estimates
obtained revecl seversl conclusions which can be of practical use to the
farmers in northern Illinois.

From the '"F Test" which was used to determine whether the returns to
scale of the individual production functions are increasing, constant or
decreasing it appears that none of the sums of the regression coefficients
is significantly different from one., This result succests that returns to
scale which are not different from constant return to scale prevail on these
production functions,

With respect to the individual estimates it appe rs that when compared
at the geometric rean the farmers in the sannle vred feed to equal advantace
in the dairy and the hor enterprices, Also the returns ohtained for each

dollar's worth of feed are equal to onc dollar if estimated at the geometric

mean indicating that farmers are correct ir feeding rather thon selling the






crop for cash,

Iith respect to the utilization of labor it is concluded that the
farmers in the sample get relatively hirh returns for this factor in the
dairy and crop enterprises while the returns of labor in hogs were sicni-
ficantly below a minirmm warge indicating that a reduction of this factor
in hogs is necessary,

The returns to land and labor in crops are hich indiceting that an addi-
tion of crop acres might be profitable. On this basis as well as on the
basis of the nature of the returns to scale in the livestock enterprises it
is concluded that the farms studied covld profitably expand their operations
in all the enterprises studied.

In concluding this evaluation of the results of the foregoing analysis
it shouvld be pointed out that additional valuable conclusions could probably
have been reached if the analyst would have been personelly acquainted with
the farms included in the sample., Only practical inferences going beyond a
mere statistical comparison would fuvlly exploit the resvlts of an investi-

gation such as the one carried out in the latter part of thic thesis.
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APPENDIX A
A MATHEMATYCAL DERTVATION OF EQUATIONS FOR THE LSO COST ( TRANS -
FORMATION ) CURVES FRGM TWO COBB - DOUGLAS EQUATIONS FIT =~
TED TO INPUT - OUTPUT DATA FROM TWO DIFFERENT ENTER -
PRISES






A MATHEMATICAL DERIVATION OF EQUATIONS FOR THE ISO COST ( TRANSFORMATION )
_ CURVES FROM TWO COBB. - DOUGLAS EQUATIONS FITTED TO INPUT - OUTPUT DA -
TA FRQM TWO DIFFERENT ENTERPRISES

Referring to section B of chapter II where the iso cost curve was ex =
plained conceptually as derived from tu‘oAproducticn functions, it can now be
shown how the equations for the iso - cost curves can be obtained from two
independently fitted Cobb Douglas Equations, For purposes of illustratiom,

a function with only two ixidependent variables will be used, The total quan -
tity of each factor ( X3 , X5 ) available on the farm is designated by £ i
X3y is the quantity of the factor which is used in enterprise I, £ 4 = X§

is used in Enterprise II, Equations I and II with the constants a written as

(1) Yy «Ap X7 x,°2
. L
(1) Y, s AplEq =Xy )L (5, =Xy )02

Since along the iso ~ cost lines the factors in each of the enterprises
have t0 be combined in scale line proportions and since these proportions re -
main the same along the scale line of any Cobb Douglas function, the factors
Xy and £ 5 = X, can be expressed as functions of X and £, -21 respective-~
lye Along the scale line the condition X (1) WP 12(1y) holds o

le ng
In empirical terms the foregoing conditiog can be written as
E
by (I) /By by E(T) Pxy B0 By X
1 X3 by | ] 42 by Fy; Xo
b2 E(T) P, by K(Y) By, b2 B(Y) By, Xy by By, Xy
2 2 T- , )
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by szx.l

b le

From the foregoing it follows that ) O

'Ry, (21 -%,)
S,-%p 2 2 g%f'xll .

Substituting these expressions back into equations I and II, equations
I' and II' are obtained 3 ' '

| b X b2
() T: A gt [2% )
‘p (51-3)] 2
t |b, P - -
2 *X 1 1
(1) 6= A,x [—22
blt le 1
Solving for X; in equation I' XL * | e b
h 0 22fxy
1Py
and substituting into II',equation III' is obtained
r‘ i ' g
...l'_._bl b,'P 2 oW
. X by+bs 2 "X\ "L (e
() YA, X b2P12 b2 —
' 1l
blle JLo 2 )

From equation III* the transformation curve can be plotted in the Y; and

Yé dimension, ‘l'he"Optimm point is obtained upon solving equation III?
similtaneously with an iso revenue equation, In the example above the"e‘-
quation for the transformation curve has been worked out for two variables
onlye The extension to n variables is apparent however computationally diffi-
culte
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DISTRTBUTTON Cr CROSS TNCOME BY EWTERPRISIES Qi THE 27 DAIRY-

P0G TARMS TNCLUDIED In THE AnALYSTS

TARLE XTI

m

Jeturns per Farm by Systems of Tarminc, Rlackhauwl Area, 1950

: Dairy-hog
: Soil : So1l
Ttem : rating : rating
: 2,0=3,9 .  1L.,0 and over
Feed, Grain, and Seed : f |
Inventory increase 111,028 ; 500772
Consumed in the home ) g7 ) 76
Sales ; 1,70l 1,143
Total Feed, Grain and Seed Returns F2,869 1,991
Livestock
Sheep n 17 G -
Poultry 410 602
Beef herd - -
Dairy 9,166 7,718
Feeders -- . L2
Other cattle - i —-
Hogs 7,359 5,603
Total Livestocl Returns f 110,952 13,905
Labor and lMachine ‘iorls ofi t-e Farm 21l f 137
All Other Receipts 186 : 120
Total Teturns 20,221 "16,213

1 Other cattle include dual-purnose herds, mixed herds of
and mixed herds of breedins and feeder cattle,

reed’n¢ animals,
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N THE CASH IMPLuSE ACCOUNTS
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DETERMINATION OF THE DEPRECTATION RATE USED TO ADJUST

MACHINERY EXPENSES IN THE CASH EXPENSE ACCOUNTS

In order to eliminate depreciation from the machinery expense item
adjustment factors were used which were determined on the basis of the

1
following table stating the operating cost for different types of tractors:

TABLE XTTT
Tractor Operating Cost by Drawbar Horsepower Ratings and

Hours Used During 1950, Blackhawk Area

Drawbar horsepower rating
10.0 through 20,9 = 21.0 through 31.9

Ttem . “Used fewer, Used 500, Used fewer | Used 500

. than 500 | or more . than 500 | or more

hours | hours | hours . hours

Number of tractors : 2l : 20 H107 3 15

Average drawbar horsepower : 16.9 : Lyt LR 26,3 : 26,2

Cost items per tractor d : B E:

Fuel, oil, and grease T $128,38 : f249.77 ¢ $196.32 : $295.95
Repairs £ h7.72 7L.18 : 38,80 + 107,54
Labor : L35 ¢ 6.13 = 5.L9 : .08
Shelter 9.07 * 10,46 : 10,65 20,55
Depreciation : 108,43 :  109.36 : 205,50 : 183.99
Tnterest on investment 27.84 - 27874 56,01 : 57.23
Miscellaneous : 1.5 ¢ 3.09 11,16 @ 1,15
Total cost $327.2L ¢ L82.86 :  3516,93 : 4670.79

Total cost minus depreciation : 190,97=58¢
and interest on investment :

3001,86=T1% ¢ 255.16=19% : L29,57=6L%

Hours tractors used

Drawbar work 3 302 685 357 596
Belt work : 13: it 32 : 2.4 59
Total hours used 3.5 qa7 366 . 655
Cost per hour of use ‘ % 1.0L B W67 $ L1 % 1.02

1 Taken from "Detailed Cost_Report for Northwestern Tllinois 1949 and 1950",
Department of Agricultural Lconomics, Agricultural Experiment Station ,
Unlvgrilty oi‘OIll:_nois College of Agriculture, Urbana, Illinois, Aprii, 1952,
AE 2871, p. .
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The adjustment factor for depreciation in each one of the four classes
was the percenta~e which "Total Cost /.inus Tevreciation and Interest on
Investment" were of the "Total Cost". Thus, if a farmer's machinery cost in
crops was civen as ;1,000 and his tractors were used 500 or more hours and

fell in the class 10,0 throush 20,9 drawbar horsepover, the machinery cost

cr
D

included vnder cash expenses was &710,



AFTIMNDIX D
THE T TZ5T 0= TISTING THD SUM OF THE RZGRESSION COLFFICILNTS

THOA LTNEAR REGRESSICH ECUATTON ACATHST A CONSTANT






118

COLFTICI=NTS 1T A LINEAR RsSCRUSST N

EQUATTION ACATUST A COUSTAIT

The following is a method of testing the sum of the regression coefficients
of a regression line against a constant. L/ The test, developed by Dr. Ingram
Olkin, Associate Profeszor of Statistics at Michigan State University, is appli-
cable in all fitting procedures which use an (n - 1) x (n - 1) matrix when
n parameters (includine the (a) value) are to be estimated. The Doolittile
method -rthich was used in this study is a particular example of this ':ind of

fitting procedure.

The Test: Consider a recression eqration of the form

V= /5;{, /3? o+ enens Jr/gp Ip + €

where & 1is normally distribnted with mean O and standard deviation @ .

A sample of 1l independent observation is taken and the hypothesis

Ho : '2 /”C - C (same constant) is to be tested.
’
Solnticn: o [ ., e 56
vw }\_11 - Al eeccaoe _\ln - Yl
ﬁ]' - ~r = ~- .Y-
Le‘t Y _ : X _ _';.21 - A.Z eocac 4&21.1 - ,-2
7 7
LYn_Y XrLl-Xn LRI Xrln_nnl
< L
1/ It is recalled (Chanter IT) that the sum of the regression coefficients

in the Cobb Dourlas function determines vhether increasing, constant, or
decreasing returns to scale are present depending upon whether the sum
of the recression coefficiente is greater than, eaqual to, or smaller
than unity.
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!
A=XX )then A is a p x p matrix. The normal ecvations lead to

the least squares estirates of the,‘g 's, namely

b
-1 1
b=4A XY, where b = i . The test to be used is :
bP
5
o 2
(1) (i - p) (= 5§ b)) = F(1,1u-n5)

2 M s?

wiere N = number of observaetions in the semnle

'3
|

= nurber of rerression coefficients (excludine a ) which
are ectimated

¢ = some constant ( ¢ = 1 in case of linear hypothesis)

sum of *he re~ressicn coefficiente (excluding a)

= M
o
l..lo
1

a-d = elements of the A~ metrix, The atJ are the C1 3 values

obtained in the back solution of the Doolittle method.

I}

and 52 7 -z by ol

Obcerve herc acain that ¥ is the column vector of the
adjusted valnes of the depcendent vari~bles , €.€.,

oo T
- |7 ‘
"_ = ’

hid -V
n T - -
X, = e (=X
11 1 """ n

Sirilarlr, for the matrix Il =

b b 4 -7
In "1 °°°* “nn "~ n

obk Douslas function, vhe I and ¥ matrices contain

Q

In the case of *the

logarithms rather than nethral mrmners, The statistic (1) has an ¥

distribution with 1 decrec of freedom in the numerator and 'l - p decrees

4 ™

of freedom in the denorinator, Lar~e vclues of T are ecritical.
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INTERPPTIST PRODUCYION FUNCTIONS

BSERVATICNS “HEICH UNDERLY THD THREIE
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HOGS
lio. Gross Lzbor Feed ivies ) ilach, Breed, Perm, hog
inc, hrs, inv, inv, housing
1 3903,00  167.75 2606,70 171,12 126,16 936,50 164,00
2 3723,00 703,17 2570,02 231,56 69,32 315,00 1.00
3 132,00 2118,01 3921.L6 276,99 201,60  1020,00 325,00
L 10395,00  8L6,92 ©271.63 629,77 612,12 1£19,36 926,00
5 1335.00  873.55 LLBL.LE 258,72 352,47  1065,00 220,00
6 61,92,00  7Li.39 L209,89 291,81 122,34 935,00 501,00
7 20127,00 275,92 15L63,66 1132,56 755,48  2635,00 1195,00
6 10630,00 1646,92 8124,83 8L2,87 562.33  2394,00 6359,00
9 600L,00  581,,00 330,00 253,77 77.28  12L6,00 178,00
10 7228.,00 510,92 S5147.L3 110,35 266,47 770,00 651,00
11 106L7.00 1076.,6L 6229,16 709,04  939.96  1-00,00 110,00
12 5012,00 319,39 4136,00 156,62  287.1L 870.00 80.00
13 226,00 106,70 2006433 9l Ll 6.00 800,00 975.00
1L 2043,00 194,57 1323.13 3u.25 7.85 507,00 150,00
15 1956.,00 657,94 LO076.268 287,70 390.86  1451,00 156,00
16 5137.,00  5S0l.l5 2057.50 96,27  252.1ii  1060,00 1.00
17 LOLO.OC  T7L.1E  2L72.06 100,98 60653 787450 70,00
18 “LL60.00  Lhec b 2375.6l0 150,21 §0.30  1100.00 330,00
19 8675.00 725,00 5805.,22 702,23  85L,71 990..00 358,00
20 L288,00 916,39 355::,77 170,52 187,10 1191,00 1:80,00
21 757700  555,7C L023,09 1h3,32 153,72 113,50 667,00
22 1356,00 349,01 3L5Y,71 69,32 63436 560,00 90,00
23 L717,00 399,37 235,72 105,08 191,55 686,50 1.00
2L 272L,00 333,04l 105,36 100,79 37.27 555,00 227,00
25 6691,00  §39.3L 5435.71 315.7> 236,21 1353,50 514,00
26 7076,00 1007432 hLlilb.tli 298,92 279,57 982,50 568,00
27 7603,00  84b.40 5501.61 219,97 160,16 1531,50 525,00







DAIRY

Farm xl x2 13 Ih Is 16 x7
No, Gross Labar  Feed Exp. Mach, Breeds Dairy

inc. hrse inv, inv, - housing

1 60L48,00 1985030- 4109,22 710,16 L4302, 578,38 L. L7
2 5201,00 2304.80 L471L4,07 1069,08 2542,00 1013,L0 21,09
3 493500 1500.60 5297.,68 6L9%TL 1667,00 k6,28 20,13
L 9547,00 278,00 8079.,88 1018,13 6226,32 18L0.82 52,10
5 5828400 207L.80 3573.L5 690.53 3792.77 1386,03 32,53
6  13350.,00 L4420,90 870L.39 125,53 7h3675 10L1.LkO 36647
7 18115,00 }157,10 9358.93 1487.07 187,27 2341.12 37.40
8  155U6.00 5UBS.50 8231.80 1630425 7361.92 1625,68 106,67
9 6619,00 2347.00 629691 1250,86 L4390.82 981,12 51,37
10  14601,00 131,70 8571.00 989,80 2317.73 258273 59662
1 3604e00 171370 18LLek6 L91.63 602,86 1398.L2 8le32
12 8594600 1205,00 5633405 504e00 515648k  167L.13 50653
13 13798,00 2686,40 963210 1568,05 8815,00 1269,00 63620
] 3528400 126leli0 30L2ells 307458 183L4el6  1L2.35 9439
15 5790400 2923450 LSUS.L1 792472 2357400 923,78 42,03
16 7627,00 1853,70 5013.,1l; 528,06 2079.93 13LLe26 333
17 62011,00 188L.80 384554 LSL.86 1855,61 1821.59 Lk 80
18 T438,00 1294,80 6169,06 799,12 18L40.98 1727.19 h9.27
19 10578,00 3362430 6530437 832,15 1L469.23 L6lLie 57 277
20 8195,00 263030 5001.20 525,29 2488,66 1337.,09 35020
21 9093600 3140.70 L9TL.90 TlL02 2619.18 1082,52 33460
22 6681,00 2272,30 6511.98 830,03 2908.hly 1162,64 36439
23 7903,00  3245,60 TLTLe32 630,63  3272,Llk  14OS.LS 50,83
2, 6529,00 2201,50 395526 S17.L4S 2078.65  372.k1 35.06
25 67LB.00 2655000 LLB3,91 993,78 1526,99 1021.91 30,71
26 638,00 1713.70 3919.83 619,73 1613.95 1240,79 30,01
27 S042,00 2426,10 LA3kel7 314e1O  1677.89 87k 37 21,16




CROPS
Farm X, X, X) x5
No. Gross Labor Land Exp. Mach.
inc. hrs. inv,
1 3798.90 947.51 70.70 1236.09 3022.L46
2 7296.03 954.61 120.60 1690.64 3924.28
3 7972.06 1297.22 95.L40 1738.28 2732.12
N 8718.81 1406.78 121.30 1882.98 5780.06
[ 5701.72 1200.77 68.00 2111.60 3654.50
6 4958.75 T6L.21 58.50 2340.90 5531.56
7 14258.00 2493.07 315.20 L228.13 8866.40
8 9350.20 2152.58 134.30 2803.60 L605.99
9 763L.81 1185.93 106.00 2125.02 L813.60
10 7502.42 139L.80 153.80 2865.66 8769.80
11 7574.06 773.84 120.50 1296.29 2053,62
12 5386.94 862.55 106.L40 1970.52 5609.73
13 8236.50 1357.65 83.60 2586.67 8361.00
i1 3588.00 1234.56 53.00 965,92 754.80
15 5379.02 820.L46 71.00 1723.20 2285,60
16 5470.90 782.46 78.50 1874.86 1455.36
17 5376.90 1559.48 138.L40 1982.46 2,32.88
18 11331.54 1347.19 13L4.00 2592.95 5114.51
19 11017.00 1L464.25 158.80 2435.67 673L.72
20 5769.00 1123.55 91.00 2598.89 5699.75
21 9L72.94 1747.33 129.50 2630.79 3917.76
22 5234.25 1212.11 93.70 2186.L3 2007.00
23 8907.83 116L.34 127.00 1919.71 7070.1k
2l 4,305.15 1002.88 69.00 1679.28 LoL7.00
25 7954.50 1157.10 147.90 2193.,02 3615.88
26 6L450.00 1303.56 107.40 2008.45 2707.96
27 730L4.38 2375.75 114.20 2198.97 1328.00
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